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Saction 1 


Introduction 


| 1.1. Features 


Supports 25 and 33 MHz 386DX cache based systems 

100% IBM PC/AT compatible 

Supports asynchronous AT bus timing through independent clock or 
division of CPU clock 

Requires only 16 1C’s plus memory for a 386/AT cache based PC/AT 
Includes an integrated CPU/Cache/DRAM/bus controller 


Enhanced performance of the 386DX and memory system due to 
simultaneous activation of cache and DRAM accesses by the integrated 
controlier 


© Zero wait state non-pipelined read hit access 

© Buffered write through DRAM update scheme to minimize write cycle 
penalty 

© Supports 32KB, 64KB, 128KB and 256KB direct mapped cache 

© Supports 4 blocks (of variable size from 4KB to 4MB) of main 
memory as programmable non-cacheabie address space 

Utilizes tightly coupled 386DX interface 

80387 and Weitek 3167 coprocessor interface logic 


Supports up to 128MB of local memory through flexible memory 
architecture 
© Programmable wait states and RAS precharge time for each block 
(2 pair of banks) 
© Supports 2S6Kb, 1Mb, and 4Mb DRAMS in configurations of up to 4 
blocks (8 banks) 


° Supports staggered RAS during refresh 

© Supports hidden refresh 

Supports shadowing of BIOS EPROMs 

Supports dual 8-bit or single 16-bit EPROMs 
Features integrated high speed cache tag comparator 


Provides built in hardware for direct tag RAM tesiing 
Provides posted or non-posted writes 


PRELIMINARY , 1 


WI tniroduction 


1.2 82C351 CPU/Cache/DRAM/Controller 


By integrating both the cache and DRAM control functions in one chip, the 
82C351 supports simultaneous activation of cache and DRAM accesses; thereby 
minimizing the cache miss penalty. It has hardware support to allow the user to 
designate up to four blocks (of variable size from 4KB to 4MB) of main 
memory as non-cacheable address space. 


The 82C351 cache controller supports a direct mapped cache architecture and 
cache sizes of 32KB, 64KB, 128KB, or 256KB, Memory write updates are 
implemented using a buffered write-through scheme. The 82C351 is available 
in a 160 pin PFP package. 


1.3  82C355 Data Buffer 


The 820355 bus controler contains the data buffers used to interface between 
the local and system memory buses and a path for the AT data bus. In addition 
to having high current bus drive, it also performs conversions between the 
different sized data paths and provides parity generation and checking. The 
82C355 is available in a 120 pin PFP package. 


1.4 82C356 Peripheral Controller 


The 820356 peripheral controller contains the address buffers used to interface 
between the processor address bus (A<23:2>) and the system address bus 
(SA<19:0>). It also contains an equivalent 82C206 integrated peripheral 
controller that incorporates: 

® Two 8237 DMA conpollers 

© Two 8259 interrupt controllers 

© One 8254 umer/counter 

© One MC146818 real time clock 

* Several TTL/SS! interface logic chips. 

The 82C356 is available in a 144 pin PFP package. 
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Figure 7-1. 
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PEAKIDM System Block Diagram 
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Section 2 


Manual Conventions 


2.1 What You Need to Know 

We assume you understand basic computer concepts, operations, components, 
and terminology. We also assume you understand the architecture, structure, 
and operation of an IBM PC/AT; as well as how the various components relate 
to one another to effect overall operation. We further assume you have an 


understanding of the varions memory types and operations, 


Based on these assumptions, the explanations presented in this manual therefore 
assume you have a working knowledge of component parts and their operation 
outside our CHIPSet. With the explanation of our CHIPSet, you can, with your 


On a i ee ee meee PUTITIC ns tn nehnmnas thn 


wnaersianaing OF ie Oiner COMponciits, utilize our CHIPSet io enhance the 


overall performance and excellence of the product. 


If you are unfamiliar with these concepts, please consult the appropriate 
documentation to enhance your understanding of the explanations presented in 
this manual. 


2.2 About This Manual 
Here’s what you'll find in this manual: 
Volume I: PEAK/DM Overview 
© Section 1: Introduction provides basic information about the PEAK/DM. 
® Section 2: Manual Conventions gives an overview of this manual. 
Volume Il: 82C351 CPU/Cache/DRAM Controller 


® Section 1: 351 Functional Description identifies the functioning of the 
82C351. 


© Section 2: 351 Configuration Registers details the internal registers within 


o 
& 
Ny 


© Section 4: 351 Physical Characteristics reports the range of absolute 
maximum ratings, operating conditions, and capacitive characteristics. 


© Section 5: 351 DCIAC Characteristics identifies the DC and AC 
Characteristics associated with the 820351. 


© Section 6: 351 Timing Diagrams details the mings of the 82C351. 
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Section 7: 351 Physical Dimensions identifies the dimensions of the 
82C351 PFP package. 


Votume lil: 820355 Data Buffer 

Section 1: 355 Functional Description describes the 82C355 chip including 
an in-depth functional description. 

Section 2: 355 Pin Descriptions provides tables describing each pin and its 
function. 

Section 3: 355 Physical Characteristics reports the range of absolute 
maximum ratings, operating conditions, and capacitive characteristics, 
Section 4: 355 DC/AC Characteristics identifies the DC and AC 
Characteristics associated with the 82C355. * 
Section 5: 355 Timing Diagrams details the timings of the 82C355. 


Section 6: 355 Physical Dimensions identifies the dimensions of the 
82C355 PFP package. 


Volume IV: 820356 Peripheral Controlier 
Section 1: 356 Functional Description provides an in-depth functional 
description of the 82C356 chip. 


Section 2: 356 Configuration Registers details the internal registers within 
the Peak/DM chipset. 


Section 3: 356 Pin Descriptions provides tables describing each pin and its 
function. 

Section 4: 356 Physical Characteristics reports the range of absolute 
maximum ratings, operating conditions, and capacitive characteristics. 
Section 5: 356 DCIAC Characteristics identifies the DC and AC 
Characteristics associated with the 82C356. 

Section 6: 356 Timing Diagrams details the timings of the 82C35S6. 
Section 7: 356 Physical Dimensions identifies the dimensions of the 
82C356 PFP package. 


2.3 Typographical Conventions 
The following conventions are used throughout this manual: 


REGnH identifies the internal register of index n in hexadecimal notation. 
REGnH <x:y> indicates the bit field from bit x to bit y with index n in 
hexadecimal notation. 

(xxx) signifies the default value after power on Reset; where xxx are 
register bits. 

Signal names are identified in full caps; for example, READY. 


A dash before the signal name indicates an active low signal: for example, 
-READY. 


Section and Volume titles are shown in italic type for example; Section 72 
Clock Input Timing is found in Volume IV: 82C356 Peripheral Controller. 
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The following terms are used throughout this document: 
* MB =megabyte 

© Mb= megabit 

* KB=kilobyte 

* Kb=kilobit 

* MHz = megahertz 
* ns = nanoseconds 


PRELIMINARY 


This page is intentionally left blank. 


PRELIMINARY 


een een ow, OY 


Manual Conventions 


CHIPS and Technologies, lac. 


VOLUME 


8§2C351 CPU/Cache/ 
DRAM Controller 


“Section 1 


351 Functional Description 


° 12 
e 13 
e 14 
e 615 
* 16 
°* 17 
* 18 
* 139 


7 1.10 


®* 111 
°* 1.12 
* 113 
e 1.14 


Features 

Funcional Subsystem 

Clock Logic 

Action Code Generation and Data Conversion Logic 
CPU, Local Memory, AT Bus Control, and Arbitration Logic 
CPU Control Logic 

Bus Timeout Logic 

Memory Control Logic 

EPROM Control Logic 

Cache Concepts 

Cache Functional Overview 

Cache Operation 


- DMA Operation 


Index Registers 


CHIPS and Technologies, Inc. 


MB 351 Functional Description 


Section 1 


351 Functional Description 


1.1 Features 


The 82C351 interfaces directly with the 386 DX and controls all bus accesses 
including CPU, DRAM, SRAM (cache) and AT bus cycles, The 82C351 
includes an integrated Cache and DRAM controller designed to minimize cache 
miss penalties. The 82C351 provides registers for controlling various system 
functions such as DRAM and SRAM timing, system configuration, 
non-cacheable memory areas, and refresh. It also includes action code 
generation for the bus conversion Jogic contained in the 820355. 


The 82C35] is part of a cost-effective solution for maximizing the performance 
of a 386 DX based system. This is accomplished by providing support for 
high-speed cache memory that is used to hold the most recently accessed code 
and data. With the use of a cache memory subsystem, the 386 DX is capable of 
performing memory bus cycles without additional wait states. Most memory 
requests can be supplied by this fast cache memory. Cache updating is 
performed using a buffered write-through system. Using this system, write 
accesses to the slower main memory are buffered, so the CPU can start the next 
cycle before the write cycle is completed. The cache memory has a 
direct-mapped organization. 

The 820351 provides clock circuitry to supply both the high-speed CPU clock, 
and the relatively low speed AT bus clock. Since the CPU can operate at clock 
rates of over four times the AT bus clock, the 82C351 is capable of producing 
an AT bus clock that is a division of the CPU clock, or an AT bus clock derived 
from an independent clock source. 


The 82C351 is also designed with independent programmable controls for the 
AT bus command timing and wait state generation for memory and I/O accesses. 
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Figure 1-1. 82C351 Block Diagram 
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1.2 Functional Subsystem - 


The 820351 CPU/Cache/DRAM Controller consists of the following functional 
subsystems as illustrated in Figure 1-1. 


* Reset and shutdown logic 

@ AT and CPU clock selection logic 

¢ Action code generation, buffer control logic, and data conversion logic 
* Control Logic for: 

CPU 

DRAM (local) memory and SRAM (cache) memory 
AT bus accesses 

Bus arbitration 

OWS or 1WS buffered write cycles 

* Memory control logic for: 

DRAM accesses 

Cache memory accesses 

Refresh cycles 

EPROM Accesses 

Shadow RAM support 


© Index registers for system control 
© Fast RESET 
~ Fast GATEA20. : saat 


oo0o009d 


oo0o90 0 


Reset and Shutdown Logic 


The 820351 has two reset inputs, -RESET1 and -RESET2; and two reset 
outputs, RESET3 and RESET4. -RESET1 is used to indicate a request for 
power-On reset, and is usually connected to the POWERGOOD signal from the 
power supply. -RESET1 is also used to reset the keyboard controller; and when 
active, the 820351 issues RESET3 and RESET4 for a system reset. Both 
RESET3 and RESETS are synchronized with CPUCLKIN and meet the setup 
and hold time requirements for the 386DX. , 


-RESET2 is generated by the keyboard controller in response to an instruction 
from the system and is used to switch the CPU from protected mode to real 
mode. -RESET2 activates only RESET3 which is used to reset the CPU. 
RESETS is also activated by the 82C351 when a shutdown condition is 
detected. After a shutdown condition is detected, RESETS is asserted and is 
held high for at least 64 CPUCLKIN cycles and then deasserted. An active 
RESET3, resulting from a shutdown, is synchronized with respect to 
CPUCLKIN to ensure proper CPU operation. 


The methods described above for resetting the processor in order to return [0 
real mode are relatively slow. The 386DX can switch from protected to real 
modes without using the slower keyboard -RESET2; however, most available 
software is designed for 80286 or 8086 machines and requires the keyboard 
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Table 1-1. 


ae 
Table 1-2. 


controller to generate a CPU reset. For this reason, the 82C351 includes logic to 
initiate a fast reset, to be used in place of the methods previously described. The 
fast reset can be invoked by a 0 to 1 transition of bit 0 in port 92H, or bit 5 in 
index register 60H. If port $2H is used, bit 6 in index 2BH must be set io enable 
the port. RESETS is asserted for at least 64 CPUCLKIN cycles during either a 


power-On reset, a fast reset, or a keyboard controller reset. 
RESET4 is used to reset the 82C356, the AT bus, and the math coprocessor, It 
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The 820351 has a flexible clock selection system as shown in Figure 1-2. This 
system generates clocks for both the processor and the AT bus. The inputs to 
this clock selection logic are CLK2IN and ATCLKIN. CLK2IN is driven from 
a packaged oscillator circuit running at twice the 386DX rated frequency. 
ATCLKIN, if present, is usually 16MHz, to provide an 8MHz AT bus clock. 
The output of the AT bus clock selector is BUSCLK. BUSCLK is equal to one 
half the internal BCLK. BCLK can be a divisor (2, 3, 4, or 5) of CLK2IN or 
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programmed to select the desired clock for BCLK. 


CPU and AT Clock Selection 

fieg SH <0> Reg 7H <2:0> BCLK CPUCLK 
0 000 CLK2IN/5 CLK2IN : 
0 O01 CLKZIN/4 CLK2IN a 
(1) 010 CLK2IN/3 _ CLR2IN 
0 011 CLK2IN/2 CLK2IN 
Q 100 ATCLKIN CLK2IN 
i 100 ATCLKIN ATCLKIN 


Table 1-1 lists all possible clocks modes. Note that ATCLKIN should be a 
lower frequency than CLK2IN, Table 1-2 is a listing of the different 
combinations available with PEAK/DM that yield a compatible AT clock 
frequency. Some add-in cards may not function properly if the AT Bus clock is 
greater than 8MHz. 


BUSCLK Frequencies 
CLK2iN Divisor BCLK BUSCLK 
50 MHz 3 16.66 MHz 8.33 MHz 
50 MHz 4 12.50 MHz 6.25 MHz 7 
66 MHz 4 16.50 MHz 8.25 MHz _ 
66 MHz 5 13.20 MHz 6.60 MHz 
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Figure 1-2. 82C35I Clock Selection 
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The output of the processor clock selector is CPUCLK. This signal is routed to 
an output pin and is not used inside the 82C351 except for the clock select 
circuit, CPUCLK is software selectable between CLK2IN and BCLK. Index 
Register 08H, bit 0, selects the CPUCLK source. Normally, CLK2IN should be 
selected as the processor clock (CPUCLKIN) to allow the processor to operate 
at its maximum rated speed. BCLK may be used to generate the CPU clock 
when there is a need to slow down the processor for timing dependent code 
execution. There is a separate CPUCLKIN pin on the 82C351 that is used 
internally. This pin should always be connected to the same clock as the CPU. 


Once clock selection options are set, clock switching occurs with a clean 
transition. During clock switching, no phase of CPUCLK is less than the 
minimum or greater than the maximum value specified for the 386DX. ‘The 
default settings for CPUCLK and BCLK are CLK2IN and CLK2IN/S, * 
respectively. 


1.4 Action Code Generation and Data Conversion 
Logic 

The AT bus control logic performs data conversions for CPU accesses to 

devices that are not on either the local CPU or memory bus. The data bus 

conversions are performed for 16 and 8-bit read or write operations. If required, 

32-bit transfers to or from the CPU are broken into multiple 16 or 8-bit cycles. 

Action codes are generated to contro! the buffers within the 820355. Byte 

addresses XA<0:1> are generated for CPU AT bus cycles to drive the lower two 

bits of the AT address bus. 


The 82C351 uses -MCS16, -IOCS16, and -BE<0:3> to determine the size of the 
data being transferred between the CPU and the AT bus. -MCS16 indicates 
16-bit memory accesses are required while -IOCS16 indicates 16-bit I/O 
accesses are required. If -MCS16 or -LOCS16 are not asserted, 8-bit transfers 
are assumed. The request is converted into 1, 2,3, or 4 AT bus cycles based on 
the CPU byte enable signals. For example, when -MCS16 is asserted, the AT 
bus control logic converts a 32-bit memory access into two 16-bit AT bus 
accesses, 


When performing the data conversions, a 4-bit action code AC<0:3>, is 
generated to control the buffers in the 82C355 for the alignment of data paths 
and to control the direction between the D and MD data buses. The definitions 
for the action codes are given in the functional description of the 82C355. For 
data accesses to and from the SD bus, SDIRO controls the buffer direction for 
SD<0:7> and SDIRI controls the buffer direction for SD<8:15>. 


1.5 CPU, Local Memory, AT Bus Control] and 
Arbitration Logic 


The 820351 contains logic to control all accesses initiated by the CPU, 
DMA/Master, or refresh request logic to the DRAMs (local memory), SRAMs 
(cache memory), or the AT bus. 
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The CPU and Local Memory (DRAM) logic controls all the accesses to the 
local bus (DRAM and cache memory), while the AT bus logic controls 
non-local bus accesses. The CPU and DRAM logic supports only 32-bit 
transfers between the CPU and the system memory where no bus conversions 
are required. Thus, the -BS16 input of the 386DX is not used in PEAK/DM 
based systems and should be pulled high. 


The AT bus logic is responsible for all non-local bus accesses and controls the 
AT bus for proper bus conversions. In a traditional AT compatible design, the 
AT bus clock (BCLK/2 or BUSCLK) and the CPU clock (CPUCLK) are the 
same. In PEAK/DM, it is not necessary for the CPUCLK and BUSCLK to share 
the same clock. The CPU and local memory logic can be driven by 
CPUCLKIN, while the AT bus can run off BCLK,. This allows the CPU to 
operate at much higher frequencies, while the AT bus operates at an 
AT-compatible 8 MHz speed. By allowing the different clock source for the 
CPU and the AT bus, high performance systems can be designed compatible 
with standard AT bus peripherals. PEAK/DM also has the capability of 
deriving the AT bus clock from CLK2IN. CLK2IN can be divided by 2, 3, 4, or 
5 to yield BCLK (see section 7.3 Clock Logic for more information.) 


1.6 CPU Control Logic 


The interface to the 386 DX processor requires proper interpretation of the 
Status lines upon assertion of -ADS, and the generation of -READY upon 
completion of the requested operation. The CPU control logic monitors -ADS, 
M/-IO, W/-R, and D/-C to determine the CPU’s cycle type and its starting point. 
This logic generates -MALE to indicate the start of a new CPU cycle. 

A local memory access is distinguished from a non-local access by the assertion 
of -AF32. -AF32 is generated by either the 82C351 for local cycles, or the 
Weitek coprocessor for Weitek coprocessor cycles. -AF32 is also an input to 
the 82351 to indicate that a local device is in control of the bus such as the 
Weitek coprocessor. At the end of T2, after the generation of -MALE, the CPU 
control logic samples -AF32. If -AF32 is asserted, the current cycle is 
considered a local cycle and the AT bus logic is not activated, If -AF32 is 
iactive, then the control is passed to the AT bus logic. The CPU control logic 
and the processor then wait for -READY to be generated by the AT bus control 
logic. Figure 1-3 shows the timing relationship for -MALE and -AF32 with 
respect to CPUCLKIN, -ADS, and -READY, 


=a 
Figure 1-3. | -MALE and -AF32 Generation for Local Bus Cycles (2 WS Cycle) 
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Figure 1-4. 


Local Memory Control 


If -AF32 is asserted by the 820351 at the start of a memory cycle, then the 
82C3S1 starts a local memory cycie and does not allow the AT bus control logic 
to begin. The local memory control logic generates the corresponding DRAM 
control signals. It can be programmed to insert wait states in units of two 
CPUCLKIN cycles to extend the memory cycle so that slow DRAMs may be 
used to implement the memory subsystem. At the end of the cycle, the local 
memory control logic generates -READY to terminate the local cycle. If -AF32 
is asserted externally, then neither a local or AT cycle will occur. The device 
that generated -AF32 must generate -READY to end the cycle. 


AT Bus Control 


The AT bus control logic is invoked whenever -AF32 is not active at the start of 
the cycle. This logic is driven by BCLK, which is two times the frequency of 
the AT system clock, BUSCLK, The 82C351 performs the necessary 
synchronization of the control and status signals between the AT bus and the 
processor. The 820351 supports 8, 16, or 32-bit transfers between the processor 


and the 8 or 16-bit memory or I/O devices located on the AT bus. 
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status signals and is terminated by asserting -READY. During memory cycies, 
on the falling edge of BALE, -MCS16 is sampled to determine the bus size 
requited, During I/O cycles, -IOCS16 is sampled on the falling edge of BALE. 
After a programmed number of delays, the AT logic then enters the command 
phase. The command signals for the memory or I/O cycles remain active until 
the programmed number of wait states are executed. At this point, IOCHRDY 
is sampled. If IOCHRDY is active, the command signals become inactive 
during the next BUSCLK cycle. If IOCHRDY is not active, the command 
Signals are extended for an additional cycle and {OCHRDY is sampled again. 
This process continues indefinitely until IOCHRDY becomes active. Figure 1-4 
shows the AT bus timing. 


AT Bus Timing - One Wait State 
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The AT bus control logic provides programmable registers to control the status 
and command phases of different AT bus cycles. These registers allow low 
speed AT bus peripherals to operate properly. The 82C351 can be programmed 
to insert wait states in units of BUSCLK and to delay the generation of -IOR, 
-IOW, -MEMR, -MEMW commands in one half units of BUSCLK (BCLK) 
within the selected wait states. AT bus wait states can be controlled 
andepeedeatly for 8 and 16-bit accesses and the command delays for 8-bit 
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detecting OWS or IOCHRDY active. A command delay is one BCLK delay 
between the end of BALE and the start of a command, Command delays reduce 
the total time a command is active. Wait states are additional BUSCLK cycles 
added to the time a command is active. A command active for 0 wait states with 
O command delays would be 1 BUSCLK long. In addition, extra addre$s hold 
time can be added for AT adapter cards that may need it to operate reliably. 

This feature, when enabled, delays the next cycle from starting by one T state. 
This leaves the address for the current cycle valid for an extended period of time. 


Bus Arbitration 


The 82C351 controls bus activity and provides arbitration between the CPU, 
DMA, bus master devices, and DRAM refresh logic. The 82C351 arbitrates 
between HRQ1, HRQ2, and REFREQ in a non-preemptive manner by 
generating a HOLD request to the CPU. The CPU relinquishes the bus by 
issuing eae as a> 1 responds | by issuing HEDAY. se ierdars il aEe 


refresh cycle, the refresh logic has control of the bus until -REF goes inactive. 
-MEMR is asserted low during the refresh cycle and the refresh address is 
placed on the MA<0:10> bus by the refresh address counter. In an 


AT-comnatible desion durins a DMA cvcle, the DMA controller has control of 
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the bus until HRQi becomes inactive. Figure 1-5 shows the timing for bus 
arbitration. 


aan 
Figure 1-5. Bus Arbitration (REFRESH) 
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Figure 1-6. 


The rising edge of REFREQ sets an internal flag in the 82C351. A HOLD 
request is then generated, synchronous to the CPU Clock. When the CPU 
finishes with its current activity, it releases the bus and activates hold 
acknowledge (HLDA.} The 82C351 then begins the AT style refresh cycle by 
asserting -REF. After -REF is activated, the 82C351 places the refresh address 
on the MA<0:9> bus and activates -MEMR. After the refresh cycle is 
completed, -REF and -MEMR are driven to inactive states. HOLD to the CPU 
Teturns to inactive state and the CPU regains control of the bus. 


Figure 1-6 shows a DMA cycke arbitration. If a DMA device requests control of 
the bus, it activates HRQ1 or HRQ2. The 82C351 receives HRQ1 or HRQ2 and 
issues HLDA1 or HLDA2 and relinquishes the bus. Once the DMA device is 


no longer asserting HRQ1 or HRQ?2, the 82C351 deasserts HLDAI or HLDA2 


and returns control to the CPU. 


DMA Cycle 


1.7 Bus Timeout Log 


An optional Ready timeout is available in the 82C351. If index Reg 26H <2> is 
a 1, the feature is enabled. If any device being accessed by the CPU does not 
respond with -READY within 128 clock cycles, the 82C351 AT bus control 
logic will generate -READY itself if the option is enabled. 


1.8 Memory Control Logic 


The 82C351 provides all the logic necessary to interface to both local and cache 
memories. It utilizes a direct-mapped cache organization of up to 256KB and 
conventional DRAM accesses up to 128MB. It also contains the necessary logic 
for refreshes, DMA cycles, accessing the EPROMs, and Shadow RAM. 


7 en 


The 82C351 provides the control iogic for generating -RAS<0:7> , -CAS<0:3>, 
MA<0:10> and -DWE to contro! DRAM accesses. It also provides BWBUSY, 
LDBDIR, and -LDBEN signals to control the direction of the data flow between 
the D and MD buses through the 82C355. Figure 1-7 (shown im the section 


titled Dafrack {urls identifies the basic timing fora DRAM crite access, 
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The 82C351 supports 256KB, 1MB, and 4MB DRAMs in configurations of up 
to 4 blocks of 2 banks each. The data width of a bank is four bytes plus 4 parity 
bits (one parity bit for each byte) or 36-bits. Each block has its own set of 
configuration registers, These configuration registers are used to define the type 
of memory, the number of wait states (for a DRAM cycle), the minimum RAS 
pre-charge time, the duration of a refresh RAS pulse, and the starting address 
within a block. Each block can have a different combination of these options. 
For example, block 0 can have 256K DRAMs running with 5 wait states while 
block 1 has 1MB DRAMS running with 4 wait states. The minimum amount of 
local memory is 1MB if 256Kb memory devices are used (if IMb DRAMs are 
installed, the minimum amount of local memory is 4MB and if4Mb DRAMs 
are employed, i16MB). Since the starting address is for an entire block, all 
DRAM used in a block should be of the same size so the memory will be 
contiguous. All DRAM access and refresh control signals are presented by the 
82C351 with programmable configurations for 256Kx1, 256Kx4, IMx1, 1Mx4, 
4Mx1, and 4Mx4 devices. Parity generation and checking is implemented in 
conjunction with the 82C355 data buffer. Index 28 bit 7 in the 82C351 
determines if parity is enabled (-PEN is low) or disabled (-PEN is high). If 
-PEN to the 820355 is low and a parity error is detected, -LPAR is driven active 
to the 82C351. The address of the memory location where the parity error 
occured is latched into index Reg 28H<0:2> and Reg 29H<0:7>. 


The 82C351 controls the DRAM memory accesses from four sources: CPU, 

DMA request, refresh request or a master. These accesses are arbitrated based 
on the inputs HLDA1, HLDA2 and -REF and are handled by their own control 
logic. The refresh logic is in control whenever -REF is active. When HLDA1 


or HLDA? is active, the DMA logic is in control. In all other cases, the CPU 


control logic is in control for valid DRAM memory accesses as defined by the 
memory map in the configuration registers. The arbitration is non-preemptive; 
the current active control logic always runs to completion prior to relinquishing 
control. 


The CPU initiated accesses are decoded according to the memory map defined 
in the configuration registers. The accesses to the local memory are 
conventional DRAM accesses. The DRAM access begins by strobing in a valid 
row address with -RAS, while -CAS remains high. The addresses on the 
MA<0:10> bus are then changed from row addresses to column addresses and 
strobed in by -CAS, with -RAS remaining low. This is the beginning of a 
DRAM cycle. The specific type of cycle is determined by the state of the 
DRAM write enable pin, -DWE. When high, -DWE instructs the DRAMs to 
read the data on the memory data bus. When -DWE is low, the DRAMs place 
their data on the memory data bus. The DRAM cycle is terminated when both 
-RAS and -CAS are retumed to a high state. The 82C351 then generates 
-READY to terminate the current CPU cycle. -DWE should be buffered and 
connected to each DRAM write enable input. 


Bit 3, in index register 2F, controls the location in a local DRAM cycle that 
-RAS and -CAS are asserted. When this bit is 0, Late RAS mode is selected; 
and when the bit is 1, Early RAS mode is selected. With Late RAS mode, -RAS 
is asserted at the end of the first T2 state. ~CAS is asserted in the middie of the 
third T2 state. With Early RAS mode, -RAS is asserted in the middle of the first 
T2 state. -CAS is asserted at the end of the second T2 state. Early RAS mode 
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provides more data access time for the DRAM, but requires the Tag SRAMs to 
deliver the cache address sooner. Therefore, slower DRAM could be used, but 
faster Tag SRAMs would be needed. Also, since -RAS is asserted earlier, 
additional time between cycles may be added by the internal logic to meet the 
minimum -RAS precharge time of the DRAM. 


DMA accesses are initiated by asserting HLDA1. The signal combinations 
-MEMR and -IOW or -MEMW and -IOR, determine if the DMA cycle isa 
memory read or write access to or from an I/O device. Byte accesses to the 
local memory are controlled by the four -CAS lines, CAS<0:3>. -CAS0 selects 
the least significant byte, while -CAS3 selects the most significant byte within 
the 32-bit wide local memory. To accomplished this, the 82C351 generates the 
byte enable coded -CAS lines based on the XAQ, XA1, and SBHE signats. The 
DMaA control logic makes one memory access per DMA bus cycle and does not 
attempt to pack or unpack data transfers to make full 32-bit transfers. 


First Megabyte of Memory 


The initial memory default is for OK of local memory. Index register 2AH bit 0, 
when set to a 1, enables the first 512K of local memory. If memory is to be 
located from this point to the end of the first megabyte, then bit 1 of index 
register 08H should be set to a 1 which allows index registers OCH through OFH 
to control this address space. Registers OCH through OFH determine whether 
the memory located between O80000H and OFFFFFH is located on and 
controlled by the system board, or on the I/O channel, Each bit of the registers 
controls a 16KB address space. In addition, there is a register that controls 
whether the accesses to four 64KB areas will be to ROM or to RAM between 
OCOQO000H and OFFFFFH. The RAM, if selected, can be write protected if 
desired. This index register, 09H, is for controlling the Low Boot Space. Bits 
<7:4> are used to select if the RAM is readable and writeable or read only. Bits 
<3:0> determine if ROM is enabled in any of these four locations. 


These seven registers control how the first megabyte of address space is utilized. 
For instance, assume a system has this configuration: 


* 1MB DRAM on the system board 
® System ROM BIOS 
* EGA/VGA video board installed in /O channel with BIOS and RAM 
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The registers would be set as follows: 


Register Description Bits <7:0> Function 
ga AAR a Sa aa LE PE le a TN SEE PARIS I EE AE ONE TS ALTE 
__O8H Initial Memory KX x AXKIixX Enables control by regisier OCH to OFH 
0oH Low Boot Space 1001909000 All ROM disabled, read only RAM at 
Se ; - > _(QQ000H - CFFFFH and FOOOOH - FFFFFH 
OCH Mem Enable Map go00000 00 RAM at 80000H - 9FFFFH on board 
80000H - 9FFFFH 
ODH Mem Enable Map 1111111341 RAM 2t AQQOOH - BFFFFH on channel 
AOQOOOH - BEFFFH : 
0EH Mem Enable Map oo00000 00 RAM at COOO0H - DFFFFH on board 
COQ000H - DEFFFH 
OFH Mem EnableMap 00000000 RAM at EQOQOOH - FFFFFH on board 
E0Q00H - FFFFFH 
2AH MemEnsbieMap XXXXXXXi Enable low 512KB iocal memory 
Q0000H - 7FFFFH 


This example is intended to show how the registers controlling the memory 
enable map and Low boot space are used. Other registers are used to select the 
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Configuration Registers. Also, a specific sequence must be used in order to 
move a BIOS to RAM; this is explained in the section titled Shadow RAM. 


Cache Access 


The 82C351 supports 32KB, 64KB, 128KB or 256KB of direct-mapped cache 
memory. The 82C351 provides all the logic for generating -CRD, -CWE<0:3> 
and CALE to control the cache memory. For a detailed description of the cache 
organization, structure and usage refer to Section 1.10 Cache Concepts. 


Refresh Cycle 


The 82C351 provides two different methods of performing DRAM refreshes, 
AT style refresh and Hidden refresh. 


When using AT style refresh, the 82C351 arbitrates for the bus after receiving 
REFREQ, and generates HOLD request to the CPU. The CPU relinquishes the 
bus by issuing HLDA. The 82C351 responds by issuing -REF and starts the 
refresh cycle, -RAS only refresh is performed by strobing a row address while 
-CAS remains high. The independent RAS pulses (-RAS<0:7>), are staggered 
in order to reduce noise caused by driving them all active simultaneously. 


With Hidden refresh, DRAMS are refreshed without the 82C351 implementing 
the HOLD and HLDA sequence. With Hidden refresh, the CPU is allowed to 
access the cache memory for a read hit during a refresh cycle. If a local 
memory, AT or DMA cycle is initiated while a hidden refresh cycle is 
occurring, wait states are inserted until the refresh cycle is complete. The 
delayed cycle is then allowed to complete. On the other hand, if a local 
memory, AT or DMA cycle is active when a hidden refresh cycle would 
normally start, that cycle is allowed to finish and the refresh happens afterwards. 
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Pigure i-?7 shows the hidden refresh aiming. 
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Figure 1-7. Hidden Refresh 
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1.9 EPROM Control Logic 


The 82C351 provides control logic to generate -ROMCS for ROM accesses. 
The AT bus control logic generaies -READY for this cycle. -ROMCS can be 
enabled for any of the 64KB sections starting at OCOO00H, OD0000H, OEO000H, 
and OFOQ000H with index register 09H bits 3 to 0, respectively. Index register 
2CH bits 3 to 0 control -ROMCS for the 64KB sections starting at OFCOO00H, 
OFDOO00H, OFEQ0Q00H, and OFFOQ00H. ~ROMCS is connected to any ROMs 
located in these address ranges that are located on the system board. -ROMCS 
is also connected to the 82C356 which controls the direction of data flow 
between the SD and XD busses. When a ROM access occurs in one of the 
above address spaces, and -ROMCS is enabled for that area, the 82C351 asserts 
-ROMCS. The 82C356 uses XDIR to direct ROM data from the XD bus to the 
SD bus. If, on the other hand, one of the above areas is to be used for RAM, as 
with the shadowing of BIOS ROMS, the registers 09H or 2CH would be 
configured so -ROMCS is not asserted for accesses to that section. Accesses to 
this RAM would be handled by the local memory control logic instead of the 
AT bus control logic. 


When a single ROM is used, it is attached to the XD<0:7> bus via a 
bi-directional buffer whose direction is controlled by XDIR from the 82C356. 
When the processor accesses the ROM, four successive byte transfers are 
initiated to complete the 32-bit read. 


Le | ; 
Figure 1-8, Single EPROM Connection Exampie 
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Dual ROMs are often used where the code is split, with the even (low) addresses 
in the first ROM, and the odd (high) addresses in the second ROM. In this case, 
logic should be added to drive -MCS16 low to the 82C351 whenever -ROMCS 
is asserted, in order for the 82C351 to perform two 16-bit accesses to complete 
the 32-bit read. The low byte ROM should be attached to the XD<0:7> bus. 
The high byte ROM should be connected to a newly created XD<8:15> bus that 
connects to the SD<8:15> bus via a buffer that is enabled by -ROMCS. 


bs a | 
Figure 1-9. | Dual EPROM Connection Example 
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Shadow RAM 


In order to enhance system performance, it is preferable to execute BIOS code 
from RAM rather than from slower EPROMs. The 82C351 provides a feature 
called Shadow RAM, that when enabled, allows BIOS code to be executed from 
system RAM resident at the same physical address as the BIOS EPROM. 
Software should transfer code stored in the BIOS EPROMs to the system RAM 
before enabling the Shadow RAM feature. This feature significantly improves 
the performance in applications that use BIOS calls extensively. The Shadow 
RAM feature is invoked by enabling certain bits in the ROM enable register and 
RAM mapping registers (Reg 09H, OEH, and OFH). Once the BIOS is 
shadowed, that portion of RAM is write protected. 


The sequence for turning on the shadow RAM for Video BIOS ROM is as 
foliows: 


1. Enable the ROM space in register 09H and make the RAM read/writable. 


2. Disable the local memory DRAM at OCOO00H to OCFFFFH using register 
OEH<4-7>. 2 _ . « 


3. Read a byte of the Video ROM into a temporary register. 


4. Enable the corresponding local memory at O0CQ0Q00H to OCFFFFH by using 
register OEH<4-7>,. 


5. Write the data from the temporary register into the memory. Since the 
memory located at OCO000H to OCFFFFH is now enabled the memory write 
cycle will be directed to the local system memory instead of the video 
memory. 
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6. Go back to step 2 until the entire BIOS is transferred from ROM into RAM. 


7. Upon completion of the data transfer from ROM to RAM, program register 
O9H to disable the ROM and make the RAM read only. 


The sequence for turning on the shadow RAM for system BIOS ROM is as 
follows: 


1. Enable the ROM space in register O9H and make the RAM read/writable. 
2. Enable the corresponding local memory by using register OFH. 


3. Read the content of the ROM and write to local memory. Since the memory 
write cycle does not generate -ROMCS, data is written to RAM. 


4. Upon completion of the data transfer from ROM to RAM, program the 
Tegister 09H to disable the ROM and make the RAM read only. 


OS/2 Optimization 


The PEAK/DM architecture features OS/2 optimization using fast RESET and 
fast GATEA20. OS/2 makes frequent DOS calis while operating in 80386 
protected mode. In order to service these DOS calls efficiently, the CPU needs 
to switch from protected to real mode. For a PC/AT architecture, the keyboard 
controller is used to reset the CPU (switch to real mode) and to activate 
GATEA20, Since this is a slow process, the 82C351 contains a register at /O 
port 92H used to generate a fast CPU reset, and a fast GATEA20. If GATEA20 
is low (0 in port 92H), the address line A20 is forced to 0; otherwise address line 
A20 is passed through. Port 92 is accessed directly instead of using the indexed 
register method. The port can be enabled or disabled by writing a 1 or 0, 
respectively, to index Reg 2B bit 6. 


Coprocessor Handling 


The 82C351 identifies a 387DX cycle by decoding A31 and M/-IO. A one wait 
Stale -READY is generated for all 387DX cycles. The 82C351 can be 
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programmed to either send coprocessor cycles to the AT bus, or not to generate 


-READY atall. Sending the 387DX cycles to the AT bus is done when the 
387DX is not present and a value should be forced onto the data bus. Not 
generating -READY allows external logic to assert -READY. The option for 
generating -READY for a 387DX cycle is present in index Reg 2BH <5:4>. 
Coprocessor error handling is not performed within the $82C351. External logic 
is required to perform this function. 

Following is an example of the logic necessary to support the 387DX. This can 
be contained in a single programable logic device and contains all of the logic 


necessary to interface the 387DX and Weitek 3167 with the exception of the 
following, which are performed on other chips: 

® Port FO decode Performed in the 820356 

* 387DX READY logic Performed in the 820351 

® WT3167 READY logic Performed by the WT3167 directly 

® WT3167 bus cycle claiming -AF32 signal from the WT3167 to the 82C351 
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The PLD has the following features: 


@ Uses a standard speed (35nS) 16L8 PLD 


© Provides the 387DX -BUSY signal, which consists of the 387DX -BUSY, 
“latched Busy”, and “Toggle busy” 
* Provides IRQ13 from both the 387DX circuit and the WT3167 
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Provides ihe 386DX -ERROR signal io indicate whether ihe 387DX is 
present at each 386DX reset 

® Provides the PEREQ signal to the 386DX 

* — Auto-detection of the 387DX and WT3167; no jumpers required 

° Allows the 387DX and WT3167 to be installed at the same time 


© Reduces the number of pull-up and pull-down resistors required by gating 
signals off inside the PLD if the respective coprocessor is not present. 
-387ERROR and -WTPRES are used by the PLD to determine which 
coprocessor is present, and should have 10K pull-up resistors attached. PEREQ, 
-387BUSY, and WTINTR do not need resistors, since these inputs are ignored 


when the respective coprocessor is not present, 


Outputs 
386PEREQ — If the 387DX is not present, the PEREQ signal is always low. 


This prevents the need for a pull down resistor, If the 387 DX is is present, 
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386PEREQ i is the OR of the 387DX PEREQ and a signal which goes active 


“following a 387DX error, after the 387DX becomes non-busy. This is required 


to clear out an mternal flag in the 386DX, and is a result of the non-standard 
co-processor hookup for AT compatibles. The “error” portion of this signal is 
the AND of 3871RQ13 and -387BUSY. When the 387DX error occurs, 
387IRQ13 goes active until cleared by the interrupt service routine. -BUSY will 
go high several clock cycles after the interrupt goes high. 


387PRESENT — This signal is used at various places within the PLD. A 
387DX drives -ERROR low when it is RESET, and keeps it low until it is 
initialized. If the 387DX is not there, a pull-up keeps 387ERROR high. The 
PLD term is a transparent latch with -ERROR as the data input, and RESET4 as 
the gate. When RESET4 (which occurs on a power up reset or RESET button 
push) is active (high), the latch is transparent. The output pin is inverted from 
the input, so a 1 indicates the 387DX is present. 


-386ERROR — The 386DX samples the -ERROR pin sometime between _ 
coming out of RESET and the first -ADS to determine whether a 387DX is 
present. If it is low, the 387DX is assumed present. If it is high, either a 80287 
of NO coprocessor is present. The 386DX uses this information to determine 
whether to use 2 16 or 32-bit data bus when communicating with the 
coprocessor. In a “normal,” 386DX/387DX hook-up, the 387DX -~-ERROR pin 
is attached directly to the 386DX. This is not possible for an AT compatible 
system for two reasons: 


The 386DX -ERROR signal must be high during coprocessor operation since . 
the AT-compatible scheme uses and reports errors differently. 


PRELIMINARY : 25 


M351 Functional Description 


26 


The 386DX must be informed of the 387DX presence EVERY time it is reset, 
including times when this is done to take it out of protected mode. Note that the 
387DX is NOT reset during these resets, and will not drive -ERROR low. 


The circuit drives -386ERROR high at all times except the time from RESET3 
(86DX reset) going active until the next -ADS. During this time the inverted 
State of 387PRESENT is driven (low if the 387DX is present, high otherwise). 
An RS type latch is used inside the PLD for this to occur. 


-BLOCKBUSY — This signal is used internally. It is low from the beginning 
of RESET3 until -ADS goes low for the first time. It is used to block busy 
during that time, to prevent the 386DX from performing a self test when coming 
out of protected mode via RESET3. 7 


-386BUSY — This signal is always high if a 387DX is not present. It ts also 
forced high by the -BLOCKBUSY signal to prevent unwanted self tests (which 
would reduce performance when the 386DX is reset to exit protected mode. If 
the 387DxX is present, the signal is the OR of: 


© The 387DX BUSY- signal 
The “Toggle BUSY” function 
The “Latched BUSY” signal (actually 3872RQ13) 
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© TOGGLE BUSY” toggles ihe busy signal periodically wien ine 
387DX is not present. This prevents system hangs with erisin 
software packages that search for the presence of the coprocessor in 
“non-Intel suggested” ways. 

© “Latched BUSY” is part of what is required by the AT compatible 
coprocessor hook-up. It holds -BUSY active to the 386DX during an 
error condition, preventing the 386DX from sending a new instruction 
to the coprocessor before the error status can be read. 


3871RQ13 — This signal is the output of a flip-flop whose input is 387BUSY 
(inverted -387BUSY) and whose clock is -387ERROR. The flip-flop is cleared 
when RESET4 is active or INTCLR is high (which occurs during I/O writes to 
port OFO). The output is held low if 387PRESENT is inactive. 


1RQ13 — This pin is the OR of the 387DX interrupt and the WT3167 interrupt. 
The WT3167 busy is blocked off if the WT3167 is not present. The 387DX 
interrupt will not occur if the 387DX is not present (it is gated off in the 
387IRQI3 term of this PLD). 
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Following is a pinout of the PLD and the logic equations necessary to provide 
the above features for this example: 


PLD Pinouts and Logic Equations ' — S 
inputs Outputs 

Pin 1 =387PER Pin 19 = 386PE] : 
Pin 2 = 387 -BUSY Pin 18 = IRQI3 ome 
Pin 3 =-387ERROR Pin 17 = 387PRESENT 
Pin 4= -ADS Pin 16 = -386ERROR ; 
Pin § =INTCLR Pin 1§=FLOP ; . 
Pin 6 = RESETS | Pin 14 =387IRQ13 nae ae 
Pin 7 = RESET3 Pin 13 = -BLOCKBUSY : 
Pin 8 = REFRESH Pin 12 = -386BUSY 7 
Pin 9 = -WIPRES : _ 
Pin 11 = WIINTR Se ede 
Logic Equations 
386PEREQ 1387BUSY * 387IRQ13 * 387PRESENT 

+ _387PEREQ * 387PRESENT; e 
387PRESENT KI387ERROR *RESET4 __ 


+ IJRESET4 * I387PRESENT cy ae os 
é + _1387ERROR * 1387PRESENT); de 85 siti = os 


+ _387PRESENT * SADS * 386ERROR; 


BLOCKBUSY RESETS + [ADS * BLOCKBSY; oe 
386BUSY 387BUSY * IBLOCKBUSY * 
387PRESENT _ 
+ REFRESH * IBLOCKBUSY * - 
MRIPRRSENT 


+  387ERROR * IFLOP 
+ 1387BUSY* !FLOP 
+ 


oS BTPRESENT Sadee oe 


mRqQ13 387IRQ13 + WIINTR * WIPRES; 


The “!” character denotes the signal in its inactive state (i.e. ADS would 
indicate -ADS high since -ADS was active low in the input list. The “*” 
character indicates logical AND, while the “+” character indicates logical OR. 
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During a Weitek coprocessor cycle, the Weitek coprocessor generates -AF32. If 
the Weitek WT3167 coprocessor is addressed and is not present (-AF32 is not 
active), then the 820351 generates ~-READY to terminate it. When the Weitek 


'WT3167 is present and is addressed, it generates -AF3Z and -READY. The 
WT3167 memory address range is COOO0000H to CLEFFFFFH. 
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Cache memory optimizes processor performance and enhances bus bandwidth. 
Cache is fast memory where recently used code and data is stored. A cache 
system reduces the average memory access time because it holds the most often 
requested code and data. The effectiveness of the cache is determined by its 
size, physical organization, cache replacement algorithm, and the behavior of 
the program. When a cache satisfies the processor access requirements, the 
overhead resulting from accessing the slower main memory is eliminated, The 


cache allows the system to onerate at the speed of static memories while 
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maintaining the economic advantages of slower main memory storage. 


Cache Size 


The cache size is one of the most important parameters in terms of both cost and 
performance trade-offs. Cache miss rates reduce asymptotically with the size of 
the cache. For example, if the cache size is 32KB, then the performance of 
programs that are less than 32KB which fit completely in the cache are not be 
significantly effected when the cache size is 64KB. If the program is larger, 
then increasing the cache size likely reduces cache misses. 


Cache Organization 


The basic characteristic of a cache is the fast access time. Therefore, very little 
or no time must be wasted when searching for words in the cache. For 
maximum efficiency, the cache is sub-divided into many smaller blocks of 


storage called lines, 


Each line has an address associated with it, that must be stored and compared 
against the address of the memory request. Addresses are kept as entries (one 
per line) in a directory that establishes the correspondence between the data in 


Tenrecs' 
the cache and the particular fragment of main memory that is represented, 


If the size of the lines are as small as possible, then the cache directory becomes 
large since there is a cache directory entry for each line in the cache. Doubling 
the size of a cache line, while holding the cache size fixed, reduces the size of 
the directory by a factor of two because two items {sub-lines) in the same line 
share the same directory entry. The transformation of data from main memory 
to cache is referred to as the mapping process. Having a large number of 
directory entries provides a smaller granularity to the address space. This results 
in higher performance than larger line sizes. Since external tag directories can 
use 8K by 8 and 16K by 4 SRAMs, it is relatively inexpensive to implement a 
large directory. Single chip cache controllers must sacrafice granularity because 
of the limits of the RAM size on the chip. 
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Direct-mapped Cache 


In a direct-mapped cache every memory location can be stored in one location 
in cache. The lower order address presented by the processor (determined by 
the depth of the tag directory) is used as an index to select one of the entries in 
the tag directory. The higher processor address bits (starting after the lower 
order addresses and extending upward to a point determined by the width of the 

tag) are compared with the contents of the tag directory entry to determine if it 
is a hit or a miss. 


Figure 1-10 shows the implementation of a direct-mapped cache. In this 
example, the 64K direct-map implementation has tag entries 10-bits wide. To 
construct this cache, 64KB of cache memory, 16K X 10-bits wide of cache 
directory, and one 10-bit comparator are required. When the processtr presents 
the address for the next instruction, address lines A2 thru A15 are used as an 
index to select one entry from the cache directory. The value contained in the 
tag directory is compared with A16 thru A25. If there is a match, then the data 
is fetched from the cache. if a miss is detected, then ihe Gaia is obtained from - 
main memory. 


[re 
Figure 1-10. Direct Mapped Cache Architecture (64KB) 
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Figure 1-11, 


Cache Updating 
The cache maintains a copy of the most recently used code or data from main 


memory. The data in the cache should be identical to the main memory, When 


the cache memory is modified, the data in the main memory has to be updated 
as well. 


In a write-through system, the controller copies the data into memory as well as 
the cache. This ensures that the main memory and the cache contain the same 
data. The draw back with this type of implementation is that each write cycle is 
treated as a write miss cycle, and the CPU has to wait for the slow memory to be 
updated. 

By using the posted (or buffered) write-through scheme, the write operation 
penalty can be reduced. During the write operation, data is written into a 
temporary buffer. The CPU is released to begin a new cycle before the write 
cycle to the main memory is completed. If a write access is followed by a read 
hit cycle, the cache access is performed while the main memory is being 
updated. However, if a write cycle is followed by another write cycle or a read 
miss cycle, the processor has to wait for the completion of the previous cycle. 
The posted write through is by far the most popular implementation. The flow 
chart for posted write is shown in figure 1-11. The 82C351 supports a one stage 
posted write through scheme to update the cache. To enable Posted Writes, 
index register 2F bit 1 should be set to 0. Bit 2 of this register determines if 
there will or will not be additional wait states inserted between writes. 


Buffered Write Algorithm 
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Cache Coherency 


The buffered write through ensures, under normal operations, that the data 
present in the cache mirrors the data in the main memory. But in a system 
environment, other bus masters and slave DMA devices access main memory 
and modify the contents. Cache controllers that have a built in mechanism to 
update the corresponding cache contents are said to maintain coherency. Many 
schemes are used 10 maintain cache coherency, the easiest being to invalidate 
(as in the Intel 82385) or flush the cache during DMA operation. Though 
convenient, this degrades the performance, as all subsequent memory accesses 
will be misses until the cache is filled with new data. Another method of 
maintaining cache coherency is by ensuring all accesses to the main memory go 
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through the cache controller. This method is used in the 82C351. 


1.11 Cache Functional Overview 


The functional overview outlines the cache architecture of the 82C351. The 
82C351 performs as an integrated CPU/Cache/DRAM memory controller ina 
386DX based system. The 82C351 Cache Controller portion is designed to be a 
cost-effective solution for achieving the full performance of a 386DX based 
system. This is accomplished by maintaining the most recently accessed code 
and data in high-speed memory (cache memory); such that most memory 
requests can be satisfied from this memory. If the data resides in the cache 
memory (hit), the data is retumed to the CPU, without wait states. If the data is 
not present in the cache memory (miss), then it is retrieved from the slower 
main memory with wait states. 

During a write operation, the data is held in a temporary buffer, and the CPU is 
released to start a new cycle before the write cycle to main memory is 
compieted. However, if another write cycle or a read miss cycle is performed, 
additional wait states are inserted until the previous cycle is completed. 

The effectiveness of the cache is determined predominantly by the size and 
organization of the cache, the hit and miss access times, and the dynamic 
behavior of the program. An efficient cache organization results in a high hit 
rate. The majority of the accesses are to cache and are completed without wait 
states. Very few accesses are to the main memory. Consequently, the average 
access time approaches that of the fast cache memory. 


The 82C351 integrates the control logic required to support an external 32KB, 
64KB, 128KB or 256KB cache. The direct-mapped cache directory can be 8, 9, 
or 10-bits wide and maps up to 128MB of memory space (although 256KB 
cache with 10 bit wide cache directory should be able to map 256MB of address 
space, the 82C351 has a 128MB limit). The amount of memory that is 
cacheable is determined by the size of the cache and the width of the cache 
directory. As either of these items increase in size, so does the cacheable 
memory limit. If for instance the cache directory is 16KB deep, the cache can 
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A2 to Al5. If the cache directory is 10 bits wide, then the largest cacheable 
memory will be specified by address bits A2 to A15 plus A16 to A25 (the 10 
cache directory bits). This would allow 64MB of main memory to be cacheable. 
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Any memory not cacheable can still be used but all accesses will be misses and 
handled by the DRAM control logic. 


Tag RAM Testing 


Two internal registers are used to read and write the tag data. The lower 8-bits 
of the tag are accessed through index 23H, while the upper two bits are accessed 
through index register 24H. A memory write to the test window causes the data 
in the register to be written to the extemal tag SRAM. A memory read from the 
test window causes the tag data from the SRAM to be latched in the register, 
which may later be read by the CPU. Consecutive tag locations are read by 
accessing every 4th location in the test window, regardless of whether words or 
bytes are read. 


Initializing the Tag 


To initialize the tag, the cache must be turned on, but READ HITs disabled. 
This forces all accesses to be misses. The tags and SRAMs are still written to 
for cacheable areas, just as if the cache was fully operating. The processor must 
perform a read from all tag locations to fill the cache with good data. It may do 
this by reading any block of 256KB of (128KB, 64KB, or 32KB depending on 
the cache size) consecutive cacheable memory locations. Once this is done, the 
cache READ HITs may be enabled and the cache becomes operable. The block 
used to initialize the tag must not be made non-cacheable afterward. 


Flushing the cache involves performing the initialization sequence over again. 
Note, the cache should be off (or READ HITs disabled) when changing the 
memory map (ORAM configuration registers). The cache must be flushed after 
changing the registers. 


Cache Data RAM Testing 


The data RAM is tested using a special testing window. This window is an area 
in the memory map below 1 MB, which is the same size as the cache data RAM. 
The address of the window is specified by Reg 22H bits <7:3>, which specify 
address bits A19-15, respectively. For a 64KB cache, A15 is not included in the 
decode; for 128KB cache, A16 is not used for decode; and for 2S6KB, A17 is 
not used. Bit 0 of Reg 22H is set to I so ~CAS signals for DRAM are turned off 
and the read/write are from data RAM. While testing the data RAM, only the 
test window should be made cacheable by setting bit 2 of Reg 22H = 1. This 
feature allows the code to remain in the DRAM and thus the program would not 
crash during testing. : 


Physical Address Field Assignment 


The 386DX supports 32 address bits (30 address bits and four byte enables). 
While the 82C351 monitors all 30 bits, it supports a maximum of 128MB of 
physical memory (AO thru A26). 
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Table 1-4 identifies the Tag assignments. ‘The CPU address assignment of Tag 
bits 2-8 is fixed. However, Tag bits 0, 1, and 9 change as different chache sizes 
are selected. er 


Table 1-4. Tag Assignments 


Cache CPU Address Bits 
Size 427 A026 A2S-—sAPAOAZSOADDAZTSsADDsAI9sOATSOAIT.— AIGA 
$2K Tag8 Tag? Tag6 TagS Tag4 Tag3 Tag2 Tagi TagO Tagd 
64K Teg9 TagS Tag? Tag6 TagS Tag4 Tag3 Tag2 Tagl Tag0 

128K TagO Tag? Tag8 Tag? Tag6 TagS Tag4 Tag3 Tag2 Tagl 


256K Tagl TagO Tag9 Tag8 Tag? Tag6 TagS Tag4 Tag3 Tag2 


Table 1-5 shows which Tag bits from the 82C351 should be connected to the 
Tag SRAM for each combination of cache size and Tag width. Any unused 
82C351 Tag pins should be pulled up with a 10K resistor to Vcc. 


ae 
Table 1-5. Physical Tag RAM Connections 


820351 Tag Bits 
to Connect 

32KB Cache 
8-bit 9 7 
a OT 
10-bit all 
64KB Cache 
8-bit 0-7 
9-bit 0-8 : - : 
10-bit all 
128KB Cache 
8-bir 1-8 
9-bit 1-9 
10-bit all 2 
256KB Cache 
8-bit 2-9 
9-bit 0,2-9 
10-bit all 


1.12 Cache Operation 


This section illustrates the different cache cycles: 


Read hit cycle Data available in the cache 

Read miss cycle Data is not available in the cache 

Write hit/miss cycle Both main and cache memory are updated 
DMA cycle Cache updated for write hit cycles only 
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Read Hit Operation 


When a physical address is presented to the 82C351, it uses the line index field 
(A2 thrn A15 for a 64KB cache) to select a line from the cache directory which 
is stored in the TAG RAM. The TAG stored in this location is compared 
against the processor’s upper address lines. If there is a valid comparison 
indicating a cache hit, the processor is returned -READY. Once the processor 
recognizes ready assertion it completes the read cycle of the address location in 
cache memory. 


Read Miss Operation 

When a cache read miss occurs (the requested data is not in the cache memory) 
the main memory (DRAM) provides the data to the CPU, and the cache RAM 
simultaneously. The data provided to the cache memory at that address location 
is updated to the new value of the data, and at the same time, the address 
provided hy the CPU is written nto the TAG RAM to indicate that this address 
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location is now valid for cache accesses. 


Write Hit Operation 


When the CPU initiates a write cycle, a DRAM cycle also started immediately; 
independent of cache hit or miss result. If a cache hit happens in a write cycle, 
that is the corresponding data location n DRAM is also in cache memory, both 
DRAM and cache memory are updated simultaneously. Therefore, SRAM and 
DRAM write cycle are initiated at the same time. SRAM cycles are much faster 
than DRAM cycles and additional wait states are required to complete the 
DRAM cycles. Instead of having the CPU wait for the completion of the 
DRAM cycle, a register between CPU and the main memory temporarily holds 
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the data for DRAM so the processor Can continuc. 


If a cache miss occurs in a write cycle, no cache write operation occurs; only 
data in the main memory is updated. 

if any of the cycles, immediately following the first write cycle, requires another 
DRAM access while the main memory is still busy with the first write cycle, 
then additional wait states are asserted until the DRAM has completed the 
previous operation. Figure 1-12 shows the timing diagram for write cycle 
followed by another write cycle. 
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Back to Back Writes Early RAS, Four Wait States 


Figure 1-12. 
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1.13 DMA Operation 


For local memory read cycles initiated by DMA or other masters on the bus, 
tTegardless of cache hit or miss, cache is not accessed. All memory read cycles 
are directed to main memory and the data buffer (82C355) receives data from 
the D bus, drives the MD, and routes the data to the SD bus via data buffers. 


For a local memory write cycle, the 82C355 buffer’s direction is from SD bus 
toward MD and D busses. A cache miss causes the data to be written into the 
DRAM only and a cache hit writes the data into the DRAM and SRAM to 
maintain coherency. 


Non-Cacheable Regions 


The 82C351 provides non-cacheable registers REG30 thru REG39 to allow the 
system designer to set aside up to 4 blocks of variable size of main memory as 
non-cacheable. This non-cacheable area is required by the system as some 
memory areas should not be cached. Some cache controllers achieve this by 
externally decoding the memory address which is to be non-cached. This 
requires an external fast PLD; and also, once the PLD is programmed the 
non-cacheable area is fixed. In 82C351 index registers are provided to make 
ahy memory non-cacheable without using an external device. The index 
registers 30H thru 39H are used for programming the starting address of 
non-cacheable areas and their size. The non-cacheable regions may range from 
4KB to 4MB in size. 


1.14 Index Registers 


Since there are a great number of configuration and diagnostics registers in the 
PEAK/DM CHIPSet, an indexing scheme is used to reduce the number of /O 
addresses required to configure the system. The system control logic generates 
-XDEN to access the configuration and diagnostics registers. -XDEN is issued 
for I/O accesses at 22H, 23H, and 92H. For the 82C351, it directs the XD<0:7> 
lines to the MA<0:7> address lines with an external buffer. Located at 22H and 
23H are the index and data registers, respectively. The index register selects an 
intemal register, while the data register is used to read or write information to 
the selected internal register. The index and data registers for the PEAK/DM 
are accessed as follows: 


1. Write the address of the index register to be accessed to port 22H. 
2. To read the value of the index register read 1/O port 23. 
3. To write data to the index register write to I/O port 23. 


Every time an index register is accessed, port 22H should be written. For 
example, if index register 20H is read (by writing to port 22H and reading port 

23H), then to write to index register 20H, port 22H should be rewritten with 

20H before writing to port 23H. Port 92H can be accessed directly without : 
using indexing. 
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351 Configuration Registers 


2.1. Index Registers 


Index Registers accesses are through I/O ports 22 and 23. This port is active 
only if index 2B bit 61s a 1. 


Note _Piease note that values identified in parentheses () signify the defaiut vaiue. 
Setting values to other than the specified designation may cause system 
malfunction. 


aa 
index 04H = Revision Registers (READ ONLY) 


index Bits Values and Functions 
04 7-4 0000): Undefined 
3-0 Revision Level 


Weer 
index05H AT Bus Command Delays (READ/WRITE) 


; index Bits Values and Functions 
a : . ~ OSH 76 (00): Reserved 
5:4 AT bas 16 6K memory Command delay hes 


00: 0 BCLK delay 
01: 1 BCLK delay 
10:2 BCLK delay 
po Bay, 
32 AT bus § bit memory command delay 

. 00: OBCLK delay 
O1:1BCLK delay 
10:2 BCLK delay _ 


A en a rein 

11:3 BCLK delay a 
id : AT bas 1/G command deiay i 

00:0 BCLK delay 

Q1: 1 BCLK delay 

10:2 BCLK delay 


11:3 BCLK delay 
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Sas 
Index 06H 


/___| 
index 07H 


Se 
Index 08H 


AT Bus Wait States (READ/WRITE) 
an 9 a I 0 A TT TT 
index Bhs Vatues and Functions 
06H 76 (00): Reserved 
5:4 16-bit AT bus wait states 


00:3 BUSCLK wait states 
01:2 BUSCLK wait states 
10: 1 BUSCLK wait states 
11: OBUSCLK wait states 
3:2 8-bit AT bus wait states 
00: 5 BUSCLK wait states 
01 : 4 BUSCLK wait states 
10:3 BUSCLK wait states 
11:2 BUSCLK wait states 


1 AT bus address hold time. (This feature is vsed if an AT card 
ires extra address time for reliable operation. When mabied, 
the next cycle is delayed by one T state which leaves the address 
valid for this extra time. 
0: Disable extra address hold time on AT bus 
1: Enable extra address hold ime on AT bus 


8 Reserved 


Index Bits Values and Functions 


OTH 73 00000}: Reserved 


20 Bus clock Source Select (BCLK). The actual BUSCLK output is 
half of the BCLK source select 


000 : CLK2IN/S 
OO! : CLK2IN/4 
010 : CLK2IN 
O11 : CLK2IN/Z 
100: ATCLK 


Initial Memory CPU Speed (READIWRITE) 


index Bits Values and Functions 
08H 73 00000): Reserved 
2 ~AF32 assertion control 
Gy ies Does nt Egcnciatc -AP22 for addresses shove 14MR. 
Should only be used if extemal logic can recognize addresses 
above 16 


1: Generates -AF32 for addresses above 16MB. Uniess real 
phytical memory is installed for that address range, no memory 


cycle starts and no -READY is given to the CPU. 

; 1 Tnitial memory 
(0) : Only 512K memory enabled. Registers OC-OF are ignored. 
Regi seeey Oca alas ect the boom 512K. 


1: Registers OC-OF can enable the memory above 512K. 
) CPUCLK (CPU Clock) select 


(0) : Selects CLK2IN —_ 
1: Selects AT control logic clock 
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ten tt 
index 09H Low Boot Space RAM/ROM (READ/WRITE) 


Bits 7 to 4 write protect RAM located in the BIOS area in 64KB blocks. Bits 3 
to 0 enable the substitution of the BIOS ROM located below 1MB with RAM at 
the same location in 64KB blocks. This should be done after BIOS code is 
copied from the ROM and the RAM locations have been protected using bits 7 
to 4, Make sure registers OC-OF are enabled if RAM accesses are required. 


index Bits Values and Functions 


OOH 7 64KB RAM at 768K 00000-CFFFFH EO 
(0): 64KB of RAM at 768K is read/write 
__1:64KB of RAM at 768K is read only = 
6 64KB RAM 2t 832K DOQ000-DFFFFH : 
(0): GAKB of RAM at 832K is read/write 
1: 64KB of RAM at 832K is read only 
5 64KB RAM at 896K EQ00C-EFFFFH =e 
(0): 64KB of RAM at 896K is read/write 
1: GAKB of RAM at 896K is read only - 
(0) : G4KB of RAM at 960K is read/write = 


1: 64KB of RAM at 960K is read only 
3 64KB ROM at 768K C0000-CFFFFH (VIDEO) 


:64KB of ROM at 768K is disabled aia a 


1: 64KB of ROM at 768K is enabled 
2 _64KB ROM at 832K DOQOO0-DFFFFH 


: 64KB of ROM at 832K is disabled ti, fs 


1: GAKB of ROM at 832K is enabled 
1 64KB ROM at 896K E0000-EFFFFH ‘ 
(0): 64KB of ROM at 896K is disabled Ae 
1: 64KB of ROM at 896K is enabled 
Q 64KB ROM at 960K F0000-FFFFFH (SYSTEM) 7 
(0) :S4KB of ROM at 960K is disabled 


1:64KB of ROM at 960K is enabled 


mas 
Index OCH Memory Enable Map 080000-09F FFFH (READIWRITE} 


Bit 0 enables the lowest and bit 7 the highest 16K block in the memory area 
080000 to OOFFFFH. For Example, bit 0 controls the 16K block from 512K to 
528K. This permits 16K blocks of memory to be disabled allowing ROMs, 
memory expansion schemes (EMS, EEMS or XMA) or memory mapped I/O 


wd ee ee to en wear ete te shen Penns PRAT 1 AA nn 
GEVICES 10 TESIOS Wilin tic sOWer 1 NID address space, 


index Bits Values and Functions 

A eI a a I I TI DE SE BES OEE TCE PE CETL TASTED, 

OCH 7:0 Enable bits for eight 16K blocks of memory. —— 
QO: Address is on ——_ 
{1) : Address is on the /O channel: 16K block disabled. : 


aaa 
indexODH Memory Enable Map 0A0000-OBFFFFH (READ/WRITE) 


index Bis ~ Values and Functions 

ODH 7:0 Enable bits for eight 16K blocks of memory. : 
0: aes on of controlled by the system board: 16K block 
ena 5 


(1): Address is on the 1/0 channel; 16K block disabled. 
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fo Sa] 
Index 0EH 


aa 
index OFH 


ar 
index 10H 


Memory enable Map 0C0000-ODFFFFH (READIWRITE) 


index Bits Values and Functions Z 
Se PSNI A SE REINER ETE I TEES A TA I I SS SOILS NSPE OR EBES 
OEH 70 Enable bits for eight 16K blocks of memory. 


0: Address is on or controlled by the system board: 16K block 
enabled. 


(1): Address is on the I/O channel; 16K block disabled. 


Memory enable Map 0E0000-0F FF FF H (READIWRITE) 


Index Bits Values and Functions 
OFH 70 Enable bits for eight 16K blocks of memory. 


or data leo aera Acie system board: 16K block 
(1) : Address is on the I/O channel; 16K block disabled. : 
Block 0 Type and Starting Address (READ[WRITE) 


Index Bits Values and Functions 
10H. 76 DRAM type in Banks O/1 


00 ; Bank0O/1 disabled ; yur 
(01) : 256Kx1 of 256Kx4 DRAMs 
10: 1Mxi or 1Mx4 DRAMs 
11: 4Mix1 or 4Mx4 DRAMs 
5:0 10): Starting address for Block 0 <A26:A2I>. 
256K usage A<26:21> MB per pair of banks) 
1M usage A<26:23>(8MB per pair of banks) 
“Ry 4M usage A<26:25>(32MB per pair of banks) 


Index Bits Values and Functions 


11H 76 DRAM wait states 
00:3 wait states 
01: 4 wait states 
(10) : 5 wait states 
1} : Reserved 
0} : Reserved - write 0 
43 -RAS<O:!> recharge time 
00: 4 CPUCLKIN cycles 
01 :6 CPUCLKIN cycles 
10: $ CPUCLKIN cycles 
; (11): 8 CPUCLKIN cycles 
2:1 -RAS<0:1> Refresh pulse width 
00 : 4 CPUCLKIN cycles 
01 : 5 CPUCLKIN cycles 
10:6 CPUCLKIN cycles 
(11) :7 CPUCLKIN cycles 


n MM -Deennat wat 
‘ u Ww p Reserved - write 0 
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are 
index 12H 


ha 
index 13H 


ae 
index 14H 
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Block 1 Type and Starting Address (READ/WRITE) 


index Bits Values and Functions 
A a i SS EE LETS 
12H 76 DRAM type in Banks 2/3 


00 : Bank 2/3 disabled 


(01) :256Kx1 or 256Kx4 DRAMs : 
10: 1Mx1 or 1Mx4 DRAMs 
11: 4Mx1 or 4Mx4 DRAMs 


5:0 (000000): Starting address for Block 1 


256K usage A<26:21>(2MB per pair of banks) Bee 


XM usage _A<26:23> (8MB per pair of banks) 
4M usage A<26:25> G2MB perpasir of bank 


Block 1 RAM Timing (READIWRITE) 
index Bits Values and Functions 
13H 76 DRAM wait states 


00: 3 wait states 
O1 : 4 wait states 


(10) : 5 wait states : 
11: Reserved 


5 (0) : Reserved - write 0 


43 -RAS<2:3> precharge time 


00: 4 CPUCLKIN cycles tees 


01:6 CPUCLKIN cycles 
10 : § CPUCLKIN cycles 
(11) : 8 CPUCLKIN cycles 
2:1 -RAS<2:3> Refresh pulse width 


00 : 4 CPUCLKIN cycles wat 


O1 : 5 CPUCLKIN cyeles : 
10:6 CPUCLKIN cycles 


(11):7 CPUCLKIN cycles — 


0 (0) : Reserved - write 0 ; 


Block 2 Type and Starting Address (READIWRITE) 


Index Bhs Values and Functions 
LL SITET LAE ELDON TEESE TEES A TES EIEN I ES ANE TIE EAE ELECTOR GEA EBS 
14H 16 DRAM type in Banks 4/5 ‘s 


00 : Bank 4/5 disabled 
(01) : 256Kx1 of 256Kx4 DRAMs 
10: 1Mx1 or iMx4 DRAMs 
11: 4Mx1 or 4Mx4 DRAMs 
$0 : Starting address for Block 2 
256K usage A<26:21> (2MB perpairofbanks) 0 
‘IMusage _A<26:23> (8MB per pairofbanks) 000 
4Musage _A<26:25> (32MB per pair of bank) 


eo, 
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Ee 
Index 15H 


po ano 
Index 17H 


Block 2 RAM Timing (READIWRITE) 


index Bits Values and Functions 


15H 16 DRAM wait states 
00 : 3 wait states 
O1 : 4 wait states 


(10) : 5 wait states 


1f -D---—-27 
41. Resti vou 


5 (0) : Reserved - write 0 


Out TPTRY Tt _ 


(11):8 CPUCLEIN eycies 


00 ; 4 CPUCLKIN cycles 

01 : 5 CPUCLKIN cycles 

iG : 6 CPUCLKIN cycies 

(11): 7 CPUCLKIN cycles 
L¢] (Q) : Reserved - write 0 


Block 3 Tyne and Startine Address (READIWRITE) 


al ee bie tata - | oe at 
EN EE LITT SE I LS TT I 
index Bits Values and Functions 
a a me ee eel 
16H Th DRAM type in Banks 6/7 


00 : Bank 6/7 disabled 
@1): 256Kx1 of 256Kx4 DRAMS 
10 : 1Mxi or 1Mx4 DRAMs 
~ 12 : 4Mx1 or 4Mx4 DRAMs 
5:0 or Sean address for Block 3 
256K usage > A<262 MB ir of banks) 


1M usage peas eis a of banks) 
4M usage A<26:25> (32MB per pair of bank) 


Block 3 RAM Timing (READ/WRITE) 
index Bits Values and Functions 
17H 76 DRAM wait states 


O00 : 3 wait states 
O1 : 4 wait states 
(10) : 5 wait states 
11 : Reserved 
5 (Q) : Reserved - write 0 


43 -RAS<6:7> precharge time 
OO) : 4 CPLICLKIN evelee 


Set Sar See 


01 :6 CPUCLKIN cycles | 
10: 8 CPUCLKIN cycles 
(11) : 8 CPUCLKIN cycles 
2:1 -RAS<6:7> Refersh width 


NA 2A OOTY ~~ 
00 24 CPUCLKIN cycles 


Ot : 5 CPUCLKIN cycles 

10: 6 CPUCLKIN cycles 

(11): 7 CPUCLKIN cycles 
0 (0): Reserved - write 0 
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aay 
Index 18H 


| 
Index 20H 
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Number of Populated Banks within a Block (READ/WRITE) 


index Bits Values and Functions 
18H 1:4 (0000): Reserved 
3 Block 3 (Bank 6/7) i 
: Bank 6 ted ont 
i: Banks 6 and Bank 7 populsied 
2 Block 2 (Bank 4/5) 
{0) : Bank 4 populated only 
1: Banks 4 and Bank 5 lated 
1 Block 1 (Bank 2/3) 
(0) : Bank 2 lated on} bed ; 
1: Banks 2 and Bank 3 populated 
0 Block 0 (Bank 0/1) : 
(0) : Bank 0 populated only 
1: Banks Oand Bank I ated ; 
Cache Control (READ/WRITE) 
index Bits Values and Functions 
20H 7 Cache enable bit 


(0) : cache is disabled 
1: cache is enabled 
6 Force Read miss cycle. This biti is used for r initializing the data 


aad tag Dats. U1... caren MOD saas ti. 
SNAG. When set to 1 all accesses are io DRAM, But 


the. tag and data SRAMs are stil] updated for cacheable areas as if 
the cache is fully operating. Any block of 256KB (or size of the 
cache) consecutive locations are then read, followed by setting 
this bit to OF. The 256KB block used to initialize the tag must not 
be made non-cacheable afterward. 


(0) : No forced read miss cycle (normal operation). 


1: Forced read miss cycle enabled. oa 


5 Freeze cache directory 
: Normal operation : 
1: Freeze cache directory. A cache read miss will not cause a tag 
: RAM update and change of data in the cache data RAM. Instead 
anormal DRAM read operation will be performed. A cache 
write hit will update the cache RAM. 


4 (0):Reserved = 
3 Refresh type selection 
(0) : Hidden refresh aan 


1+ AT Srule vefrach 
oo eek Sey at FESS : . 


2:0 : Reserved 
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at 
Index 21H 


fia | 
Index 22H 


=e 
index 23H 


Cache Size (READ/WRITE) 


Index Bits Values and Functions 


21H 76 '00): Reserved 


i (0): Reserved -wmted : 
5:4 Cache size 


2:1 Address Tag Width. These bits define the number of bits in an 
address tag. The tag RAM can be 8 to 10 bits wide. 
(00) : 8 bit rag 
01:9 dit iag 
10: 10 bit tas 
11: Reserved 


ii] (0): Reserved - write 0 


Cache and Tag Test (READ/WRITE) 


The Cache data and tag RAM can be tested using a test window. The address of 
the test window is specified by bits <7:3> which corresponds to address lines 
A19-A15 (below IMB). When bit 0 is set to 1 the access to DRAM is cut off 
for the test window. Reads and writes can then be performed on the data RAM 
alone. 


index Bits Values and Functions 
22H 73 Address ae for test window (for 64K cache the address 
AlS is not used 
2 ‘Test window cacheable. The test window can be made cacheable 


and the rest of the memory non-cacheable by setting this bit to 1. 
Setting this bit to 0 makes all the memory cacheable. 
{0} : Disable test window Se 


1: Enable test window 
i Tag RAM test mode 
AQP: Disabled 


(0) : Disabled 
1: Enabled 
0 Cache datz RAM test mode. 
(0) : Disabled 
1: Enabled 


Tag <0:7>Test Data Port Register (READIWRITE) 


index Bits Values and Functions 


23H 79 ela a pea lp oe nce tral lg cache asph 
be written to tag RAM throogh this register. Writes to the text 
window causes the value in this register to be ix written mto the 
5, Pap Sl Reads from the test window causes the tag bits 
20> to be written into this register. 
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aes 
index 24H 


pe el 
index 26H 


eae 
Index 28H 


ee 
index 29H 


index 2AH 
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Tag <8:9> Test Data Port Register (READ/WRITE) 


index Bits 
24H 


written through this register. 


Values and Functions 


This register is similar to index register 23H, and is used asa 
data port for testing the tag window. Bits <9:8> are read or 


; Reserved 
* wo ee ae 
Correspond io tag bits 3:8 


Ready Timeout Control (READIWRITE) 


index Bits 
26H 


73 


2 


Values and Functions 
This register controls the Ready Timeout option. If any device 


accessed by the CPU does not respond with 4] "READY within 128 


clock cycles, the 820351 AT control logic will generate 
-READY itself. 


Reserved (See Volume IV: 82C356 Peripheral Controller, 


Section 2: 256 Contauration Reoicters\ 


ei eeere ee wer Meare wet Seeearre shee meer 


-READY Timeout 


GO) : -READY Timeout disabled 


1:-READY Timeout enabled 


(00): Reserved (See Volume IV: &2C356 Peripheral Controller, 


Section 2: 356 Configuration Registers 


Parity Error Status Register (READIWRITE) 


index Bits Values and Functions 
28H ; 7 Parity check enable : 


2:0 Error address bits A<26:24>. When a local parity error occurs the 


) (0) : Parity check enabled (-PENislow) 
1 : Parity is disabled (-PEN is high) 


address A<26:24> are latched into bits <2:0>. ¢ bits are read 


Parity error Address Register (READ ONLY) 


When a local memory parity error occurs, A<23:16> are latched into this 


register. 
index Bits Values and Functions 
29 7:0 Parity error address A<23:16> 


Memory Enable Map 0-07FFFFH (READIWRITE) 


PRELIMINARY 


4 


¥ 0 512K jocal memory enzble 
(0) : Disable 512K on local memory ; 
1 : Enable 512K on local memory 
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| 
index 2BH 


index 2CH 


Miscellaneous Control (READIWRITE} 


index Bits Values and Functions 
2BH 7 0): Reserved 
6 Enable port 92H 


(0) : Disable port 92H 
1 : Enable port 92H 
5:4 Ready generation for 387 DX cycles 
(00) : 82C351 generates ready after 1 wail state 
O1: 82C35! rons AT cycle for all NPX cycles 


10 : 82C351 does not generate ready at all 
i] : Reserved 


Weitek Present bit (READ ONL! 
1: Wetek sor t 
: Weitek sor not ent 
2:0 00) : Reserved 


Middle Boot Space RAMIROM Configuration (READIWRITE) 


index Bits Values and Functions 
2CH 7 Type of 64KB RAM at ORCO000H 


6 Type of 64KB RAM at OFDOOOOH 
. (0) : GAKB of RAM at OFDOOOQOH is R/W. 
1: 64KB of RAM at OFDOOO0H is read only 
5 Type of 644KB RAM at OFEQO00H 
4 Type of 644KB RAM at OFFOOOOH 
(0): 64KB of RAM at OFFOOOOH is R/W. 
1: 64KB of RAM at OFFOQOQOH is read only 
3 Enable 64KB RAM at OFQOO00H 
(0) : 64KB of ROM at OPCOQOOH is disabled 
1: 64KB of ROM at ORCOOOOH is enabled 
2 Enable 64KB RAM at OFDOQO0H 7 
1: 64KB of ROM at OFDOQOOH is enabled 
1 Enable 64KB RAM at OFEQOQOH 
(0): 64KB of ROM at OFEOQQOOH is disabled 
1 64KB of ROM at OFEQOOOH is enabled 
0 Enable 64KB RAM at OFROOOOH 
0: 64KB of ROM at OFPOOOOH is disabled 
1): &4KB of ROM at OFFOCOOH is enabled 
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index 2FH 


index 30H 


as 
index 31H 


Gees 
index 32H 
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Index Bits Values and Functions : 

re a es ee 

2FE 7:4 (0) : Reserved 4 
3 -RAS mode for DRAM cycles. This controls the timing for the 


generation of -RAS (and -CAS). When early -RAS is selected, 
-RAS is asserted in the middle of the first T2 state. -CAS is 
asserted at the end of the second T2 state. When late -RAS is 
selected, -RAS is asserted at the end of the first T2 state and 
-CAS is asserted in the middle of the third T2 state. 


2 Posted write wait states. This ifies the number of wait states 
for posted CPU write cycles. grenade tarp? in 


Non-cacheable blocks: The 82C351 provides programmable registers for 
defining an area of memory as non-cacheable. For example, the BIOS ROM 


Block 0 Non-Cacheable Address A23 to Al6 (READ/WRITE)} 


Index Bits Values and Functions 
EY SL PI ESI EES ED 7 EN I I OT IE MES 
30H 7:0 ~___ (00000000): Block 0 Non-Cacheable address A423 10 AI6 


Biock 6 Non-Cacheable Address Al5 to Al2 and Size (READ/WRITE) 


index Bits Values and Functions 
31H 7:4 (0000): Block 0 Non-Cacheable address AlS to Al2 


0110 ; 128 KB 


Block I Non-Cacheable Address A23 to Al6 (READ/WRITE) 


Index Bits Values and Functions 


32H 7:0 (00000000): Block 1 Non-Cacheable address A23 to Al6 od 
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index33H Block I Non-Cacheable Address Al5 to Al2 and Size (READ/WRITE) 


index Bits Vaiues and Functions 
33H 1:4 : Block 1 Non-Cacheable address A15 to Al2 
3:0 Non-Cacheable Size ; 
0000) : Disabled 
0001 :4 KB 
0010:8 KB 
0011: 16 KB 
0100: 32 KB 
0101 :64 KB 
0110 : 128 KB 
0111 : 256 KB 
1000 : $12 KB 
1001:1MB 
1010 :2 MB 
1011 :4MB 


i 
Index 34H = Block 2 Non-Cacheable Address A23 to Al6 (READ/WRITE) 


index Biis Vaiues and Funciions 
34H 7:0 Block 2 Non-Cacheable address A23 to Al6 


ae 
Index35H Block 2 Non-Cacheable Address AIS to Al2 and Size (READIWRITE) 


index Bits Values and Functions 


SH 7:4 000): Block 2 Non-Cachexzble address A15 to AIlZ 
3:0 Non-Cacheable Size 
(0000) : Disabled 

0001 :4KB 
0010:8 KB 

0011: 16 KB 
0100: 32 KB 

0101 :64 KB 

0110 : 128 KB 

0111 :256KB 

1000 : 512 KB 
1901-1 MR 


1010: 2 MB 
1011 :4 MB 


Poe 35 
index 36H Block 3 Non-Cacheable Address A23 to AI6 (READ/WRITE) 


index Bits Values and Functions 
36H 70 00000000): Block 3 Non-Cacheable address A23 10 A1l6 
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aaa 
index 37H 


Index 38H 


Index 39H 


Index 60H 
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Block 3 Non-Cacheable Address Al5 to Al2 and Size (READ/WRITE) 


Index Bits Values and Functions 


37H. TA 0000}: Block 3 Non-Cacheable address A15 10 Al2 
3:0 Non-Cacheable Size 


index Bits Values and Functions 
EA NE NR SI TT AI I TER SS SLATE SO TEE EOE I EA EE ETS AE ETS TIE COED Si OIG IE 
38H 7:6 (00): Reserved 

53 (000); Block 1 Non-Cacheable address A26 to A24 . 

2:0 (000): Block 0 Non-Cacheable address A26 to A24 : 


Non-Cacheable Address A26 to A24 (READIWRITE) 


index Bits Values and Functions 

39H 76 (00): Reserved - = 
5:3 (000): Block 2 Non-Cacheable address A26 to A24 
2:0 + Block 3 Non-Cacheable address A26 to A24 


Fast Reset Control Register 
index Bits Values and Functions 
60H 16 (00): Reserved Sos 
5 ; Alternate CPU reset. A low to high transition activates a 
Su reset ET3 high 
4:0 + Reserved == 
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ay 
YO Port $2H Fast GATEA20 and RESET Register 


Note 


Bits Values and Functions 
92H T-2 Reserved 


1 Ten 2, TToAANN 
3 Cas.vA LOA 


0 : Force CPUA20 fow 


(1): Enable CPUA20 
0 Fast CPU reset 


(0): A Oto 7 transition canses a CPU reset 


This port is used by OS/2 and is disabled by writing a 0 to register 2BH bit 6. 
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° 3.1 Pin Assignments 

* 3.2 Numerical Listing of Pin Assignments 

e 33 Alphabetical! Listing of Pin Assignments 
e 


3.4 Pin Diagram 
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351 Pin Descriptions 


3.1. Pin Assignments 


i 
Table 3-1. Clocks 
Pin # Symbol Type Signal Description 
a 
CLK2iN 125 Input __Input from CMOS oscillator. 
CPUCLK 124 ___Qutput_ Output of processor clock select logic. 12mA drive capability. 
CPUCLKIN 123 Input Processor clock input. This is used by the CPU, cache, and DRAM 


control logic (everything that uses CPUCLKIN except the clock 
select logic). This is the same clock the CPU receives. If the intemal 
clock select logic is used, this is connected to the CPUCLK pin of 
this chip. If the internal clock select logic is bypassed, this is 
connected to the oscillator, or whatever is the CPU clock source . 


‘This requires a CMOS level clock. 


-SCLK 126 Output CPUCLKIN/2. High during phase 1, low during phase 2 (proper 
phase for the 486). The 351 arbitrarily selects the phase of SCLK, 
and uses that phase to generate RESET3 and RESET4, etc. 4mA 


drive 7 

ATCLKIN 82 Input Extemal oscillator input for the AT clock. Input should be ewice the 
frequency of the AT clock. 

BUSCLK 19 Output AT bus clock. May be derived from CLKQ2IN or ATCLKIN signals. 


Frequency between 6 and 8.33MHz is recommended. 4mA drive 


Table 3-2. Resets 


Pin ¥ Symbol Type Signal Description 


~RESET} 57 Input RESET1 is an active low (schmitt triggered) input which is generated 
by POWERGOOD for a oold reset. It should be used to reset the 
keyboard controller. When low, it activates RESETS and RESET4. 
-RESET1 is latched intemally. 


-RESET2 58 Input RESET2 is generated from the keyboard controller. It forces a CPU 
reset by activating RESET3. ; 
RESET3 2 Outpot RESETS is an active high signal which is used to reset the 386DX 


whenever -RESETI or RESET2 is active. It it also activated during 
a CPU shutdown cycle, RESETS remains active for at least 64 
: CPUCLKIN cycles. 8mA drive capability. : 
RESET4 3 Output RESET4 is an active high signal used to reset the Integrated 


Peripheral Controller (PC) and the AT bus. 8mA drive capability. 
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Table 3-3. Arbitration 


Pin # Symbol Type Signal Description 


HOLD 137 Output HOLD request is an active high output to the 386DX HOLD pin. 
HOLD is used to request to the CPU to relinquish the use of the bos 
to another master (HRQ1, HRQZ or REFREQ}. 4mA drive 


HLDA 141 Inpat HLDA is an active high 2 from the 386DX HLDA pin. When 
high. HLDA indicates that the CPU has relinauished the bus in 
response to an active high HOLD signal. 

BRQI 74 Inpat HOLD REQUEST 1 is am active high signal and is uted to indicate 
that a DMA/Master is requesting the use of the bos. Foran AT 
compatible architecture, HRQ1 should be connected to the hold 


Tequest signal HRQ, from the 82C356. 


at be fa Peres LATE 2S MAD CT oc Pe a 
Eas -u WS OPN ACKNOWLEDGE H iz mI active high cope signal Win 


820355 and 820356 and indicates that the CPU has relinquished 
control of the system buses in response to HRQ1 (DMA/ MASTER}. 
mA drive capebitity, 

HRQ2 136 Input HOLD REQUEST 2 is an active high signal that indicates a 
DMAMaster iz requesting the system buses. This pm most be tied to 
ground if not used. 

HLDA2 35 Ourpot HOLD ACKNOWLEDGE 2 is an active high output signal to the 
820355 and 82C356 that indicates the CPU has relinquished control 
of the hoor aaa in response to HRQ2 (LOCAL MASTER}. 2mA 
drive . 

-AEN8 B Input Address enable for 8-bit DMA transfers ic an active low input signal 
from one of the two DMA controllers. When active, -AENS enabics 
the address Jaiches for 8-bit DMA transfers. It is inactive when an 
extemal bus masteris active, 

-AENI6 84 Enpur Address enable for 16-bit DMA transfers is an active low input signal 
froen one of the two DMA controllers. When active, -AENI6 enables 
the address latches for 16-bit DMA transfers. It is inactive when an 
external bus master is active. 

-MASTER 64 Input MASTER is an active low input signal from an active device on the 
3 T/O channel (AT expansion bas). After -MASTER is forced low by 
an I/O device, the YO CPU must wait for one system clock period 
before driving its address and data lines. Asses rier ghee 


low for more than 15 miecr 


due to the lack of a refresh cycle. 


.REFREQ 62 Input Refresh Request is an active high input signal generated from OUT1 
= of the 82C356 (by the 8254 compatible timer-1 inside the 820356). 
‘When active, initiates a DRAM refresh ence. 
-REF 149 Inpo REFRESH is 2 active low open drain bidirectional signal. As a input, 


Output -REF can be used to force a refresh cycle from an I/O master device. 
As an ootpot, -REF initiates a refresh cycle forthe DRAMs. -REF 
fequires an external pull-up of at least 680 ohms. 18mA drive 

bility. 
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Table 3-4. CPU Control 
Pin # Symboi Type Signa Description 
-ADS 138 Input ADDRESS STROBE is an active low input from the 386DX -ADS 


pin. -ADS indicates valid bus cycle definitions (ie. W/-R, D/-C, 
M/A0 and -BE<0:3> and addresses (A2 to A31). A 10K pull-up 
resistor is recommended oc this pin. 

WIR 139 Inpuf WRITE/READ status is 2 bi-directional signal from the 386DX W/-R 

Output pin. As an input, during local memory of I/O cycles. W/-R indicates 

a write bus cycle when high and a read bus cycle when low. A 10K 
pull-up resistor is recommended on this pin. During the DMA cycle, 
W/-R is the same 23 -MEMR. 4mA drive capability. 

DIC 147 Input DATA/CONTROL satus is an input from the 386DX D/-C pin. 


D/-< indicaics adaia cycle when high and a command cycle whan 


low, A 10K pull-up resistor is recommended on this pin. 

M/IO 148 Input MEMORY/IO status is an input from the 386DX. M/-IO indicates a 
Memory cycle when high and an 1/O cycle when low. A 10K pull-up 
resistor is recommended on this pin. = 

-READY 152 Inpuy READY is generated to indicate to the CPU the end of the cycle. 
Output This signal is generated for all CPU cycles except for cache hit 
cycles. 12mA drive capability. ee rer 


ae 
Table 3-5. AT Bus 


(re Pa FS EE ESE 


Pin # Symbol Type Signal Description 
LARA A PE BO BI TOP ITS I 
BALE 75 Output BUFFERED ADDRESS LATCH ENABLE is an active high output 


tothe AT expansion Bus. BALE indicates a valid address on the SA 
bus. It is used to hold the address during an AT bas cycle. 2mA 
drive capability. 

-MALE 54 Output MEMORY ADDRESS LATCH ENABLE is an active low output 
signal to the 820356. -MALE allows the 820356 to latch local 
addresses onto the SA bus during CPU AT cycles. -MALE also 
indicates the start of anew CPU cycle. 2mA drive capability. 

~-MEMR 68 Inpu{ MEMORY READ is an active low bi-directional signal directing 

Outpat memory to place valid data on the data bus. -MEMR is an output if 
the CPU is controlling the bus or an input if a DMA or external bus 
master is in control of the bus. 18mA drive capability. 

~MEMW 69 Input! MEMORY WRITE is an active low bi-directional signal directing 

Output memory to accept data from the data bus. -MEMW is an output if the 
CPU is controlling the bus or an input if a DMA or external bus 
master is in control of the bus. 18mA drive capability. =, 

-SMEMR 6&0 Output SYSTEM MEMORY READ is an active low output signal to the AT 
expansion Bus. ‘When active, -SMEMR indicates that the lowest 
IMB memory space is being addressed fora read cycle. 18mA drive 


-SMEMW 61 Output SYSTEM MEMORY WRITE is an active low output signal to the 
AT expansion Bus. When active, -SMEMW indicates that the lowest 
i megabyte memory space is being addressed for a write cycle. 
18mA drive capebility. 
-IOR Ti Input) YO READ is an active low bi-directional signal instracting an I/O 
Outpat device to piace data on the data bus. -IOR is an output if the CPU is 
controlling the bus or an input if a DMA controller is in control of the 
bus, 18mA drive capability. 2 
-0W 72 InpuY J/O WRITE is an active low bi-directional signal instructing an I/O 
Output device to accept data from the data bus. -[OW is an output if the 
CPU is controlling the bus or an input if s DMA controler is in 
control of the bus, 18mA drive capability. oan 
-INTA 55 Output INTERRUPT ACKNOWLEDGE is an active low output to the 


interrupt controller in the 820356. 2mA drive capability. 


4 
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Table 3-5. AT Bus (continued) 


Pin # Symbol Type Signal Description 


TOCHRDY 63 Input +O CHANNEL READY is 2 schmitt-triggered active high input from 
the AT Bus. When low, IOCHRDY indicates 2 “not ready” condition 
and forces the insertion of wait states in LO or Memory accesses. 
When high, it allows the completion of the current I/O or memory 
access. 

Ws 6 Input =ZERO WAIT STATE is 2 schmitt-triggered active low input from the 
AT Bus, causing termination of the AT bur cycle. 16-bit Memory or 
YO cards residing on the AT expansion bus use this line to speed up 


accesses, -OWS requires a 330 ohm pull-up resistor. 
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-MCS16 77 Inpor MEMORY CYCLE SELECT signal is an active low input signal 
from the AT bus. When active, -MCS16 causes a 16-bit memory 
sccest on the YO channel. If -MCS16 is inactive then the current 
memory cycle is a $-bit cycle. A 330 ohm pull-zp is recommended 
ACCS16B 78 Input YO CYCLE SELECT 16 is an active low input signal fram the AT 
bus. When active, -IOCS16 causes a 16-bit I/O access on the YO { 
Chamnel. If TOCS16 is inactive, the current /O cycle is an 8-biz ‘ 
eyde. A 330 ohm pull-up resistor is recommended on this pin. | 
ae 
Table 3-6. Address 
Pin # Symbol Type Signal Deseription 


-BE<03> 243-146 Ispuy BYTE ENABLEs -BE<0:3> are active low bi-directional signals. 
Output -BE3 controls the most significant byte; while ~BEO controls the least 
significant byte. These signals are inputs from the 386DX -BE<0:3> a 


ine ducing OPT eercle Ae mene DR efh- 2s one = end adeved: 4 


pins Gumng SOU cyac, As Gutpuls, -DboGso> are generated Garing: 
DMA cycles based on the status signals XAO, XA1, and -SBHE. 
2mA drive capability. 


A<2:19> 32-21 Inpat LOCAL ADDRESS BITS A2-A19 are inputs to the 82351 from the 
19-14 386DX and 82C356. 
A20 33 Inputy LOCAL ADDRESS bit 20 is a bi-directional signal. A20 is an output 


Output signal gated with GATEA20 during CPU cycles and an input during 
DMA cycles. 4mA drive capability. = 


A2131> 12-4 Inpat LOCAL ADDRESS BITS A21-A31 are inputs to the 82C351 from 
158-157 the 386DX. : 
a - 5, “ate _ _. ~GATEA20 36 Inpuy + -GATEA20. This signal is an open collector output used to control 


Output the gating of CPUA20. When -GATEA21 is low, the 820351 
propagates CPUA20. When -GATEA20 is high, the 82C351 forces 
A20 to be low regardless of CPUA20 state. ~<GATEA20 signal is 
derived from inverted ~GA TEA20 from the 8042 keyboard controller. 


CPUA20_. 13 Ispuy CPU ADDRESS bit 20 is from the 386DX. A 10K ohm pull-up is 
recommended. 
-SBHE 37 Inpof SYSTEM BUS SYTE HIGH ENABLE is an active low 


Output bi-directional signal to or from the AT expansion Bus. When active, 
-SBHE indicates when the high byte transfer is taking place. As ai 
output, this signal has a 4mA drive capability. 
XA<O:1> 38, 39 Inpuy EXPANSION ADDRESS bits 0 and 1 are bi-directional signals and 
Output are connected directly to the 820356. XAQ is outpax when the CPU 
is the bus master and an input when 8-bit DMA is a bes master. XA1 
is an output when the CPU is the bus master and an input when $-bit 
or 16-bit DMA is a bus master. 2mA drive capability. 10K poll-up 
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Table 3-6. Address (continued) 
Pin # Symbol Type Signa! Description 
pea liagh : 
-ROMCS 83 Output ROM CHIP SELECT is an active Jow signal. When active, -ROMCS 


enables the chip select inputs to the BIOS EPROM(s). During a 
ROM cycle the 820351 directs the 820355 to pass data from the XD 
bus onto the D bus. The -ROMCS ont of the 82C351 is connected to 
the -ROMCS of the 82C356 which controls the direction of the buffer 


between the XD and SD bus. 4m drive capability. 


-VRAMSEL 122 Outpot VIDEO RAM SELECT is an active low output indicating the current 
cycle is a VRAM access. -VRAMSEL is active for AQQ00H to 
BFFFFH. 2mA drive capability. 

Saas 


Table 3-7. Cache 


Pin #¥ Symbol Type Signal Description 


CALE 56 Output CACHE ADDRESS LATCH ENABLE is an active high output 
signal for the two octal latches. CALE is used to latch the SRAM 
addresses A2 to A15. When CALE is high the latch is transparent 
and allows the 386DX addresses to flow through to the SRAMs. On 
the falling edge of CALE, the addresses are latched. ; 

-CRD 107 Output CACHE READ js an active low signal to the SRAM’s output 
enables. During read hit cycles, the -CRD is enabled to drive the 
Tequested data on to the CPU date bus. 12 mA drive capability. 

CWE<0:3> 102-105 Output Cache Write Enables <0:3> are active low signals to the SRAM's 
write enables for bytes 0 to 3, respectively. For example, ~CWE0 is 
connected to byte O of SRAM. 8mA drive capability. 


-TAGWR 53 Guiput TAG RAM WRITE ENABLE is an active low output signal used to 
update the tag RAM during a DRAM read cycle or when testing the 

rs tag RAM. 8mA drive capability. 
-CRDY 151 Output. CACHE READY. This is generated by the 820351 for all cache hit 


tycles. itis tied to -READY of the 820351, and to -READY of the 
36 DX, 8A drive capability, 
TAG<0:9> 42-49 Input/ TAG BITS 0-9. These are the tag bits from the tag RAM. The tag 
51-52 Output bits provide the address which is compared by the internal 
comparator against the memory address request. The tag bits used 
. for comparison are programmable for 8,9 or 10-bits. They require 
= ups. 4mA drive capability. 
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Table 3-8, DRAM 
Pin ¥ Symbol Type Signal Description 
AY RS YE I ETE I TINT: SS I ET ETI IT IT TOG kW TE IE NEI BEI ET EI I IEEE. 
-RAS<0:7> 127-129 Outpur ROW ADDRESS STROBEs 0-7 are active Jow outputs to the system 
131-135 DRAM. There is one -RAS signal for each bank of the memory on 


the mother board. -RASO is the strobe for bank 0, -RAS1 for bank 1 
etc. These signals are ured to latch the row address to the DRAMs 
(falling edge). These should be buffered and terminated. GmA drive 
-CAS<0:3> 116-119 Output COLUMN ADDRESS STROBES are active low outputs signal to the 
system DRAMs for selecting the byte of the DRAMs. The column 
address is latched on the falling edge of “CAS. For example, -CASO 
is for byte 0, CAS! for byte 1, etc. The CAS lines are common to 
— nl banks. These should'be terminated. 6mA drive capebility. 
-DWE 101 Output DRAM WRITE ENABLE is an active Jow output to the system 
DRAMs. This signal needs to be buffered and terminated. 8mA 
érive ity. 
MA<t:7> 87-88 Input} DRAM MEMORY ADDRESS/DATA lines. These are the DRAM 
90-93 Output addresses during a DRAM cycle. During an intemal register access 
95-96 Gndex register access) these are required to connect to the XD bus 
using a 74F245. The signal -JOW is used to control the direction of 
the buffer and -XDEN is used to enable the buffer. The MA<0:7> 
lines should be buffered and terminated. 8mA drive capability. 

- * 4 : MA<8:10> 97-99 Outpopt DRAM MEMORY ADDRESS liner are used to interface to the 
DRAM address lines. MA8, MAS and MA10 should be connected to 
the DRAM address lines A8, AD and A10. 8mA drive capability. 

-MENB ~ 259 Input MEMORY ENABLE is an active low inpot signal. When active 
-MENB validates the address on the local bus. This signal can be 
used to disable the 820351 for 2 predefined address range viz an 
extemal decode. When inactive, the 82C351 forces all access to the 
AT bus. 

-LPAR 67 Inpot LATCHED PARITY is an active low input to the 820351. When 

pred active, it indicates a parity error occurred during the last local 
memory read and caused an NMI to be generated. The failing 


address is latched by this signal intemal to the 820351. 
Table 3-9. Buffer Control 


~  Pin€ Symbol Type Signal Description 


-ACEN 115 Output ACTION CODE ENABLE is an active low output to the 820355 and 
validates ACTION CODES AC<0:3>. 2mA drive capability. 
AC<0:3> 111-114 Output ACTION CODE is a four bit encoded command to the 820355 and is 
used for data bus sizing and byte assembly operations. AC<0:3> are 
ualified by the -ACEN si 2mA drive bility, 

-ATEN 154 Output AT ENABLE is an active low output signal to the 82C355 and 
82C356. When active, -ATEN indicates that the current cycle is an 
AT cycle. 4mA drive capability. 

SDiRO 86 Output SD BUS DIRECTION. This signal is used to control the buffer 
direction of the SD BUS for SD<0:7>. When low, the direction is 
from the SD to the MD bus (during AT or on board I/O read cycle) 
and when high the data path is from the MD to the SD bus (during 
write cycles). 2mA drive lity. 

SDIR1 85 Outpxx SD BUS DIRECTION. This signal is used to control the buffer 
direction of the SD BUS for SD<8:15>. When low the direction ix 
from the SD to the MD bus (during AT or on board I/O read cycles}. 
When high the data path is from the MD to SD bas (during write 
cycles). 2mA drive capability. 

-XDEN 65 Outpa: XD BUS BUFFER ENABLE is 2n active low output 2nd is used to 
enable the buffer between the XD and MA<0:7> buses. -XDEN is 
assested during I/O access to Index registers (for I/O address 22H and 


23H present in the 820351). 2mA drive capability. 
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Table 3-9. Buffer Control (continued) 
Pin # Symbol Type Signal Description 
-AF32 153 Inpurf AF32 is an active low bi-directional signal. As a output -AF32 


Output indicates that a local cycle is in progress (active for local DRAM and 

cache cycles). A high indicates an AT bus cycle. As an input, it 
disables the AT control logic, allowing the cycle to be handled by 2 
local device. A 10K is 4mA drive 

-DRD 142 Output DRAM READ DIRECTION is an active low output signal which is 
used by the 820355 to control the direction of data transfer from the 
MD to the SD bus. When this signal is asserted (low) it enables data 
transfers from the MD bus to the SD bus. When this signal is 
de-asserted (high) it causes data to be transferred from the SD bus to 
the MD bus. 2mA drive bility. ma 

-PEN 156 Outpost PARITY ENABLE is an active Jow output which ensbles the parity 
circuitry in the 820355. This bit is controlled by index register 28 bit 
7. ImA drive bility. 

BWBUSY 110 Outpat BUFFER WRITE BUSY is an active high output signal to indicate 
-LDBEN is low, LDBDIR is high, and BWBUSY is high, the values 
of the CPU data lines are passed on to the DRAM data lines. This is 
connected to the 820355. 2mA drive capability. 

-LDBEN 108 Output LOCAL DATA BUS ENABLE is an active low output. When 
-LDBEN and LDBDIR are low, the current values on the MD bus 
are passed on to the D bus. When -LDBEN is low, and LDBDIR is 
high, the current values of the D bus are passed on to the MD bus. 
-LDBEN is connected to the 82C355. 2mA drive capability. 

LDBDIR 109 Output LOCAL DATA BUS DIRECTION CONTROL is an output to the 
8200355 which controis the data direction between the D bus and the 
MD bus. When -LDBEN and LDBDIR are low, the current values 


a o BTR ld at — FTARMTR?. 1. 
Gh Ue VL DUS are PEssou OG IO ine LY Dus. When -LDDBEN is low 


and LDBDIR is high the current values of the D bus are passed on to 
the MD bus. 2mA drive capebiliry. -LDBDIR is connected to the 


82C355. 
-TEST351_—. 34 Inpat TEST PIN for the 82C351 is an active low input signal and should be 
pulled up with a 10K resistor for proper operation. in 
-WTPRES 155 Inpot WEITEK PRESENT is an active low input indicating the presence a 
WEITEK coprocessor. -WTPRES should be pulled high with a 10K 
voc 20, 41,59, +5V 45% Sapply voltage. 
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3.2 Numerical Listing of Pin Assignments 


Numerical Pin Definitions 


Pin Signal Pin Signal Pin Signal Pin Signal 


i Viz 31 A3 61 SMEMW 91 MAB 
2 RESET3 32 A2 62___ REFREQ 92 MA4 
3 RESET4 33 A20 63 IOCHRDY 93 MAS 
4 A29 34 _—-TEST351_~—=—«64.=—Ss MASTER 9 Vas 
§ A28 35 HLDA2 65 -XDEN 95 MAG 
6 A27 36 -<GATEA20 66 OWS 96 MA7 
7 A26 37 SBHE 67 -LPAR 97 MAS 
3 A25 38 AO 68 -MEMR 98 MAS 
9 A2A4 39 XA! 69 -MEMW 99 MA10 
10 A23 40 Vss 70 Vis 100 Vee 
11 A22 41 Voc Tl -IoR 101 -DWE 
12 A21 42 TAGO 72 Ow 102 <CWEO 
13 CPUA20 43 TAG} 73 -AENS 103 CWE1 
14 A19 ce TAG2 74 HRQI 104 <CWE2 
15 Al8 45 TAG3 75 BALE 105 <CWE3 
16 AlT 46 TAG4 16 HLDA1 106 Ves 
17 Al6 47 TAGS TT -MCSI6 107 <RD 
18 AiS 48 TAGE 78 -IOCS16 108 -LDBEN 
19 Al4 49 TAGT 79 BUSCLK 109 LDBDIR 
20 Veco 50 Vis 80 Vec 110 BWBUSY 
21 AB §1 TAGS i Vss Ut ACS 
22 AI2 $2 TAGS $2 ATCLEIN 112 ACI 
23 All §3 -TAGWR §3 -ROMCS 113 AC2 
24 A10 54 -MALE $4 -AENI6 114 AC3 
25 Ad 55 -INTA 85 SDIR1 115 -ACEN 
26 Ag 7A CALE 86 SDIRO 116 CASO 
37 AT 57 __—-RESETI 87 MAO ii7 CASI 
28 AG 53 RESET2 88 MAI 118 -CAS2 
29 AS 59 Veco 8&9 Vcc 119 -CAS3 
30 A4 60 _—-SMEMR 90 MA2 120 Ves 


PRELIMINARY CHIPS and Technologies, Inc. 


CHIPS and Technologies, inc. 


[= > 
Table 3-11. 


HI 351 Pin Descriptions 


3.3 Alphabetical Listing of Pin Assignments 


Alphabetical Pin Definitions 
Signal Pin Signal Pin Signal Pin Signal Pin 
A2 32 AC2 113 LDBDIR. 109 TAGO 42 
A3 31 AG 114 -LDBEN 108 TAG1 3 
A4 30 ACEN 115 -LPAR 67 TAG2 4 
AS 29 -AEN8 3 MAO 87 TAG3 45 
AG 28 -AENI6 84 MAI 88 TAG4 4 
A7 27 ATCLKIN $2... MA2 90 TAGS 47 
A8 26 BALE 75 MA3 91 TAGE 48 
Ag 25 BUSCLK 719 MA4 92 TAG? 49 _. 
Al0 za BWBUSY 110 MAS 93 TAGS 51 _ 
All 23 CALE 56 MA6 95 TAGS 52 
Al2 22 -~CASO 116 MAT 96 TAGWR 33 2 
Al3 2) CASI 117 MA8& $7 TEST351 34 
‘Al4 19 CAS2 118 MA9 98 Veco 20 _ 
Al5 18 -<CAS3 119 MA10 99 Veco 4. 
Al6 17 CPUA20 13 -MALE 54 Nec so 
Al7 16 -CRD 107 -MASTER 64 Veo 80 
Als 15 -~CWEO 102 -MCSI6 77 Veco 89 
Al9 14 -~CWEl 103 -MEMR 68 Vee 100 
A20 33 -<CWE2 104 -MEMW 69 Viz 1 
A2t 12 -~CWE3 105 REFRE'! 62 Vsz 40 
A22 il -DWE 101 -RESET1 $7 Vss 50 
A23 10 -GATEA20 36 -RESET2 58 Vse 70 
A24 9 HLDAI 76 RESET3 2 Vss $1 = 
A2S 8 HLDA2 35 RESET4 3 Vas 94 7 
A26 7 HRQ1 74 -ROMCS 83 Vss 106 . 
A27 6 -INTA 35 -SBHE 37 Vss 120 , 
A28 5 JOCHRDY 63 SDIRO 8&6 XA0 38 “ 
A29 4 -IOCS16 78 SDIRI 85 XAI 39 7 
ACO 111 OR 7i___-SMEMR60_-XDEN 65 .- 
ACI 112 JOW 72 -SMEMW 61 AWS & 
9 
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3.4 Pin Diagram 


3 | 
Figure 3-1. 82C351 CPU/CachelDRAM Controller Pin Diagram 
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4.1. Absolute Maximum Ratings 


Symbol Min. Max. Units 


primp a RN OTT PRE ET 
Supply Voltage Vee TH ¥ tao. 


Input Voltage V1 -.5 5.5 ee ee ee 
Outoot Vokage Vo 5 5.5 


Vv 
Vv 
Operating Temperature Top -25 5 Cc 
Storage Temperature Tstg -40 125 Cc 


Exposure to absolute maximum ratings conditions for extended periods may 
affect device reliability. Exceeding the absolute maximum ratings can cause 
permanent damage to the device. 


4.2 Operating Conditions 


Symbol Min. Max. Units 


Ambient Temperature Ta 70 [ 


PRELIMINARY - 6 


Wi 351 Physical Characteristics 


This page is intentionally left blank. 


PRELIMINARY 


CHIPS and Technologies, lnc. 


Section 5 


351 DC/AC Characteristics 


e §.1 DC Characteristics 
© §2 AC Characteristics 


Mi 351 DC/AC Characteristics 


Section 5 


351 DC/AC Characteristics 


5.1 DC Characteristics 


“Symbol Min. Max. Units 


Input low volta Vn 

TTL level (except CPUCLKIN, ATCLK, C 0.8 Vv 

CMOS jevel (CPUCLKIN , ATCLK, C 1.5 Vv 

Input high voltage Vn ee 
TTL level (except CPUCLKIN, ATCLK, CLK2IN) 2.0 Vv ; 
CMOS level (CPUCLKIN, ATCLK, CLK2IN} 35 Vv. 
Output low voltage Vou 40 Vv 

Output high voltage Vou 24 Vv 

Input LOW current @ Vo = Vss In =200 -10 pA 
Input HIGH current @ Vo = Vdd Ipy -10 10 pA 
3-State t OFF current LOW _ low. -16 

3-Siate t OFF current HIGH TozH 10 

Power ly current @25 MHz Icc 80 

Input capacitance Cn z 10 pF 
Qurpat or I/O capacitance __Coor™ 10 pF 
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Table 5-1. 


ee 
Table 5-2. 


5.2 AC Characteristics 


All timing parameters are specified under capacitive load of 50 pf and 
temperature of 70 degree C. All the units discussed in the following timing 
tables are in nanoseconds, unless otherwise specified. Also, the AC 
specifications mentioned in this document are subject to change. 


Clocks 
Clocks 25 MHz 
Min. Max. 
Sh aD tg IE A tr STII SS GON I AE POT IN  ENET 9  O  ETCOA TE TET LIES 
£101 Operating frequency ; 25 MHz 
ul02_ CPUCLKIN period 20 
rl04__ CPUCLKIN high time at 3.5V g 
1106 CPUCLKIN low time at 1.5V 3 
1107 CPUCLKIN fall time G.5Vt0 1 4 
1108 CPUCLKIN rise time (1.5V to 3.5V) 4 
t1082 CLIN delay to CPUCLK 0 15 
109s CPUCLKIN high to -SCLK low 6 27 
t110,~ CPUCLKIN high to -SCLK high 6 27 : 
Memory Cycle 
Memory Cycle 25 Miz 
Min. Max. 
t120 Address setup to CPUCLKIN hi 37 
t121 W/-R, M/-IO, D/-C to CPUCLKIN low 17 
tl2la__ -ADS setup to CPUCLKIN low 10 
tl22 -BE<3:0> to CPUCLKIN hi 30 
1123 -READY active delay from CPUCLKIN low (0 WS writes) 2 20 
‘125 HOLD delay from CPUCLKIN high 2 19 
1126 -MALE active delay from CPUCLKIN high 0 30 
1127 -MALE inactive delay from CPUCLKIN low i] 30 
t128 — -AF32 active delay from CPUCLKIN 23 
1129 -AF32 inactive delay from CPUCLKIN low 25 
t134 “READY active delay from CPUCLKIN high 30 


t135__ -READY inactive delay from CPUCLKIN high 35 
t141 _ -RAS active delay from CPUCLKIN high (earl) 


1142 __ -RAS active delay from CPUCLKIN high (late RAS 
1143 -RAS inactive delay from CPUCLKIN high 


nt |sa faa] a [on 
RISIS 


I 


1145 _ Row address valid from CPU address active 25 
t146 Row address hold from CPUCLKIN low 7 25 
t146e Column address valid from CPUCLKIN low 30 


1147. Column address valid to CAS- active 
t148 = Column address hold from CPUCLKIN hi 
t150 CAS active delay from CPUCLKIN hi: 
tIS1 CAS inactive delay from CPUCLKIN hi 
1152 -DRD active delay from CPUCLKIN hi, 
1154 -DRD inactive delay from CPUCLKIN hi 


3 
SPR IRIN IN IRIS 


1159 -CWE active delev from CPUCLEIN hich (reed miss} £ 25 
1160 -CWE inactive delay from CPUCLKIN high (read miss) 6 1g 
t16la_ -DWE active delay from CPUCLKIN high 7 20 
1162 -DWE inactive delay from CPUCLKIN high 7 30 
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Memory Cycle (continued) 
Memory Cycle 25 MHz 
Min. Max. 
1165 | LDBDIR valid from CPUCLKIN low 9 45 7 
1166 __ Row address valid from CPUCLKIN high 7 35 _ 
ti67a_s BWBUSY active delay from CPUCLKIN high (normal) 7 22 
t167b_ BWBUSY active delay from CPUCLKIN high (0 WS write) 7 22 " 
1168 BWBUSY inactive delay from CPUCLKIN high (0 WS writes) 40 
t169__—- LBDDEN active from CPUCLKIN high (normal write) 40 
1169a__ -LBDEN active from CPUCLKIN high (read) 40 
£169b__ -LBDEN active from CPUCLKIN high (0 WS write) 40 
tl69c_ _ -LBDEN inactive from CPUCLKIN hi 29 nat 
Cache Timing 
ER a A ST PE SS A ED ORE ET AO I PN AAC ABE FE TET FE, 
Cache Timing 25 MHz 
Min. Max. 
PPE ED I IE TE ST LTTE TL TI I I GIES ES EAN LTE ETE 
t132___ -CRD active from CPUCLKIN high 30 
t132a. -CRD active from -ADS low 30 _ 
t132b — -CRD active from W/-R low 30 
t133. -CRD inactive from CPUCLKIN hi 12 
t138b_ CALE active from CPUCLKIN high 20 
11384 CALE inactive from CPUCLKIN high yi a 
1156 -CWEn pulse width (OWS writes) 18 janet 
t157___ -~CWEn pulse width (1 WS writes) 35 eee, 
1158 CALE active to -CWEn inactive 3 
Tag RAMS 
Tag RAMS 25 MHz 
Min. Max. 
a ne 
12200. = TAG<0-9> valid to -CRDY valid 22 
201 TAG<0:9> to CPUCLKIN high RAS 14 
1202 TAG<0:9> setup to CPUCLKIN high Late RAS 25 
1203 TAG<0:9> setup to CPUCLKIN high OWS write decision 1i : 
(204 __ TAG<0:9> setup to CPUCLKIN high 1 WS write decision 25 
205  -TAGWE active to TAG<0-9> low Z 1 CPUCLKIN > 
1207 __ TAG<0:9> float from -TAGWE inactive 0 s at 
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Table 5-5. 


Table 5-6, 


aay 
Table 5-7. 


DMA Cycle 
DMA Cycle 25 MHz 
Min. Max. 
Rp EE a a SS A SATIN A a S, 
1170__ Command setup to CPUCLKIN high 20 
t17}__ -RAS active delay from CPUCLKIN high 0 22 
t172___ -RAS inactive delay from commands inactive oO 25 
t173___ Row address setup from address valid 0 20 
t174._ Row address hold from CPUCLKIN hi 10 25 ; 
t175__ Column address setup to -CAS active 15CPUCLKIN 
t175a__ Column address valid fram CPUCLKIN high 12 27 
t176___ Column address delay to valid from CPUCLKIN iow 25 
tl77___-CAS active delay from -RAS active (OMA memory read) 3. CPUGLKIN 
t!78 —_ CAS active delzy from -RAS active (DMA memory write 4CPUCLKIN 
1179 -CAS active delay from CPUCLKIN high 8 22 
1180 -CAS inactive delay from commands inactive 8 20 
t185__ -AP32 active delay from command active i} 30 
1186 -AF32 inactive delay from commands inactive o 70 
t187___-DWE active delay from CPUCLKIN high 0 17 
1188 __-DWE inactive delay from commands inactive 0 17 
1189 -CWE active delay from CPUCLKIN high o 20 
t190_ ~CWE inactive delay from CPUCLKIN high 10 20 
ROM Cycle 
ROM Cycle 25 MHz 
Min, Max. 
t191 | -ROMCS active delay from CPUCLKIN high 0 25 
1192___ -ROMCS inactive delay from CPUCLKIN high 0 25 
Local Bus Slave Cycle 
Local Bus Stave Cycle 25 MHz 
Min, Max. 
1193 “READY input setup to CPUCLKIN high 16 
ti94_ -READY input hold from CPUCLKIN high 6 
t195___-AF32 setup to CPUCLKIN high 15 
1196___-AF32 hold from CPUCLKIN high 6 
PRELIMINARY CHIPS and Technologies, Inc. 


ME 351 DC/AC Characteristics 


aaa 
Table 5-8. AT Bus Access 
AT Sue Accees 25 MHz 
Min. Max. 
NN a 

t1100  -ATEN active from CPUCLKIN hi 0 40 ; 
t1101__-ATEN inactive from CPUCLKIN hi: 0 40 
t1102. BALE active from BUSCLEK low 0 20 
11103 BALE inactive from BUSCLK high 0 20 
t1104 Command active delay from BUSCLK low 0 20 
21105 Command inactive from BUSCLK high 0 2. 
11106 -ACEN active delay from BUSCLK low (read) 0 20 
1107 --ACEN inective delay from BUSCTK high (read) o 20 


BS |! 


thi08 AC <0:3> active delay from BUSCLK low 
tli12 -MCS16, -IOCS16 setup to BUSCLK high 

- t1113  +CS16, -10CS16 hold from BUSCLK high 
£1116 Command active delay from BUSCLK high (write) 20 
t1li7__ -ACEN active delay from BUSCLK high (write) 20 
t1118  -ACEN inactive delay from BUSCLK low (write) — 20 
t1119 — -OWS setup to BUSCLK low ; a 
11120 -OWS hold from BUSCLK high 
11123. XA<0:1>, SBHE valid delay from BUSCLK low 18 


ololulile 


ojAl8lo 


es al 
Table 5-9. DMA Arbitration 


DMA Arbitration 25 MHz 


t1141__ HRQn inactive setup to CPUCLKIN high 15 
11142 _ HOLD active delay from CPUCLKIN high 2 30 
11143 __ HOLD inactive delay from CPUCLKIN high 5 25 ae 
11144 _ HLDAn active delay from CPUCLKIN hi 2 19 


11145 ~~ HLDAn inactive delay from CPUCLKIN high 30 : 


[5 
Table 5-10. Refresh Arbitration 


Refresh Arbitration 25 MHz 


£1148 REFREO pulse width (low) 3 CPUCLKIN : : 
21150 -MEMR delay from BUSCLK high o 25 


CHIPS and Technologies, Inc. PRELIMINARY 67 


ME 351 DC/AC Characteristics 


es 
Table 5-11. 


| 
Table 5-12. 


a — 
Table $-13. 


Note 


a= 
Table 5-14. 


Reset Timing 
Sa ace a eS A ST EA Be IE TT A SE TLL IT IED 
Reset Timing 25 MHz 
Min. Max. 
SR is te a IT Si TEES TE A 
11170 ___ RESETS active delay from CPUCLKIN high 0 25 
t1171__ RESET3 inactive delay from CPUCLKIN high 2 15 
tlI7Z «RESETS pulse width A 35 
cevuct rn 
t1173_ RESET4 active delay from CPUCLKIN high 0 25 
11174 RESETS inactive delay from CPUCLKIN high 2 15 
Miscellaneous Timing 
Miscellaneous Timing 25 MHz 
Min. Max. 
tli87__- BUSCLK high pulse width rammable 
11188 — BUSCLK low pulse width ramsnable: 
11189  BUSCLK rise time 6 
11190 ~=BUSCLK fall time 6 
t1191 = FGA20 valid from -IOW inactive 18 
11193 A20 delay from CPUA20 0 16 
Refresh Cycle 
Refresh Cycle 25 MHz 
Min. Max. 
11200 ___ -RASi active delay from CPUCLKIN high 25 
1201 -RASi inactive deley from CPUCLKIN high 0 15 
t1202__-RASi pulse width see Note 
11203 -RAS(i+}) active delay from -RASi active LCPUCLKIN 
11204 REFRESH address semp to -RASO 2 CPUCLKIN 
11205 REFRESH address hold from -RAS3 1 CPUCLKIN 


The RAS pulse width is programmable to 4, 5,6, 7 CPUCLKIN 


LPAR Timing 
LPAR Timing — 25 MHz 
Min. Max. 
tl2Z20. = -LPARm to -CAS hi 10 
11221 -LPAR imput hold from -CAS hi; 10 
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Table 5-15. Clock Cycle : “ 


Clock Cycles 33 MHz 
Min. Max. 
1101 i en ok j 33 MHz 
t102___ CPUCLKIN period 15 
i104 CPUCLKIN high time at 3.5V 6 
t106  CPUCLKIN low time at 1.5V 6 
1107 CPUCLKIN fall time (3.7V to 8 4 a 
1108 — CPUCLKIN rise time (.8V to 3.7 4 
t108___ CPUCLKIN delay to CPUCLK 0 15 
109 CPUCLKIN high to -SCLK low 5 0 25 
1110 CPUCLKINhigh to -SCLK hi § 25 y 
[ire Aa i] 
‘able §16. Memn Py : 
Tab 16. Memory Cvele 
Memory Cycie 33 MHz 
Min. Max. 

1120 ___ Address setup to CPUCLKIN high 28 
ti2t _ W/-R, M/-IO, D/-C, semp to CPUCLKIN low 13 
Ula _-ADS setup to CPUCLKIN low 4 
1122 -BE<0:3> setup to CPUCLKIN high 25 
1123 -READY delay from CPUCLKIN low (0 WS writes) } 14 
t125 _ HOLD delay from CPUCLKIN high 2 25 
1126 -MALLE active delay from CPUCLKIN low 0} 30 i. 
t127__ -MALE inactive delay from CPUCLKIN low 0 30 af 
128 _ -AF32 active delay from CPUCLKIN low 17 

- 1129 __ -AF32 inactive delay from CPUCLKIN low Tl 20 
1134 -READY active delay from CPUCLEIN hi 23 


1135. -READY inactive delay from CPUCLKIN hi: 


A: = ti41 __ -RAS active delay from CPUCLKIN high (early RAS) 5 20 
; 1142 -RAS active delay from CPUCLKIN high (lateRAS) _ 5 20 
1143 __-RAS inactive delay from CPUCLKIN high 7 25 
145 —_ Row address valid from CPU address active 25 us 
1146 Row address hold from CPUCLKIN low 10 220 
t1462_ 9 Column address valid from CPUCLKIN low 25 
t147 Column addres valid to -CAS active 9 30 
1148 __ Column address hold from CPUCLKIN high 7 2 
1150 _-CAS active delay from CPUCLKIN high 7 20 
1151 __ -CAS inactive delay from CPUCLKIN high 7 25 
1152 -DRD active delay from CPUCLKIN high 8g 30 
154 -DRD inactive delay from CPUCLKIN hi: 8 _ 22 
u159  -<CWE active delay from CPUCLKIN high (read miss) g 18 
1160 -CWE inactive delay from CPUCLKIN high (read miss) _. 0 14 
216la_ -DWE active delay from CPUCLKIN high — 7 18 ; 
1162 __ -DWE inactive delay from CPUCLKIN high 7 30, he. 
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Table 5-16. 


mae 
Table 5-17. 


eo i 
Table 5-18. 


Memory Cycle (continued) 
Memory Cycle 33 Mitz 
Min. Max. 
t65 _ LDBDIR valid from CPUCLKIN low 7 45 
1166 Row address valid from CPUCLKIN high 7 30 
t167a__ BWBUSY active delay from CPUCLKIN high (normal) 7 20 
216%  BWBUSY active delay from CPUCLKIN high (OWS writer) 7 23 


st 


1168 = BWBUSY inactive delay from CPUCLKIN high (OWS writes 
t169_—_ -LBDEN active from CPUCLKIN high (normal write) 


t169a_ -LBDEN active from CPUCLKIN high (read) 
t169b__ -LBDEN active from CPUCLKIN high (0 WS write é 


eta. MATE WW. WOT eT wore bs Wt 
w030yC "LDUEIN Macuve Tron LULLALN 12) 


Cache Timing 
Cache Timing 22 MH 
Min. Max. 
t132 -CRD active from CPUCLKIN hi 20 
t132a3 ~CRD active from -ADS low 20 
11325 -CRDactive from WR low 20 
1133. CRD inactive from CPUCLKIN hi 12 
£138b CALE active from CPUCLKIN hi: 14 
01388 CALE inactive from CPUCLKIN high 27 
1156  -CWEn width (OWS writes 13 
t857  -CWEn pulse width (1WS writes) 26 
t153 CALE active to “CWEn active 3 
Tag RAMS 
Tag RAMS 33 MHz 
Min. Max. 
1200 TAG<«<0:9> valid to -CRDY valid 20 
1201 TAG<0:9>sempto CPUCLKIN high, EarlyRAS | | 
1202 TAG<0:9> semp to CPUCLKIN high, Late RAS 20 
1203, TAG<0:9> semxp to CPUCLKIN high, OWS write decision 1! 
1204 TAG<0:9> setup to CPUCLKIN high, 1 WS write decision 20 
205 -TAGWE active 0 TAG<0:9 lowZ 1 CPUCLKIN 
1207. TAG<0:9> float from -TAGWE inactive (¢] 5 
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Table 5-19. 


ae 
Table 5-20. 
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Table 5-21. 
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DMA Cycle 
DMA Cycle 33 MHz 
~ ~ Min. Max, 
ee e—=e ee 
t170_ Command setup to CPUCLKIN high 20 
u7I -RAS active delay from CPUCLEIN hi: 0 206 
t172___—-RAS inactive delay from commands inactive 9 25 ; 
1173____ Row address setup from address valid 0 20 
t174 _ Row address valid from CPUCLKIN hi 10 25 Es 
t175 Column address setup to -CAS active 1.5 CPUCLKIN _» 
t175a_ Column address valid from CPUCLKIN high 12 ai 
1176 = Column address delay to valid from CPUCLKIN low 25 
1177 CAS active from -RAS active (DMA memory read 3 CPUCLKIN 
t178 __ -CAS active delay from -RAS active (DMA write 4 CPUCLKIN : 
t179 _ ~CAS active delay from CPUCLKIN high 8 20 ; 
t180___—-CAS inactive delay from commands inactive g 20 
t185__ -AP32 active delay from command active ; 0 30 
ti86—— -AF32 inactive delay from commands inactive 0 70 
t187__ -DWE active delay from CPUCLKIN high 1] 17 
1188 -DWE inactive delay from commands inactive 0 17 
t189 CWE active delay from CPUCLKIN high 0 20 
1190 <CWE inactive delay from CPUCLKIN high 10 20 
ROM Cycle 
ROM Cycle 33 MHz 
aie _ Min, = Max. 
ti91 _ -ROMCS active delay from CPUCLKIN hi 0 25 
1192 -ROMCS inactive delay from CPUCLKIN high {¢] 25 
Local Bus Slave Cycle 
Local Bus Stave Cycle 33 MHz 
Min. Max. 
1193. -READYm to CPUCLKIN hi 12 
119 -READYi hold from CPUCLKIN hi 6 
1195 -AF32 to CPUCLKIN hi 10 
1196 -AF32 hold from CPUCLKIN high 6 . 
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Table 5-22. 


Table 5-23. 


ft es =a 
Table 5-24. 


AT Bus Access 
SS a a EAD 
AT Bus Access 33 Miz 
Min. Max, 
A a TE ST TIT TE A TT IL EE TIS TT, 
11100 -ATEN active from CPUCLKIN high 0 40 
t1101_ - ATEN inactive from CPUCLKIN high i) 40 
t1302__ BALE active from BUSCLK low Q 20 
evar DAT TD Sa mtiene fene, DIICT YH Link n on 
bs ave 772i UCU YE £14) OU Lee Aut et we 
t1104_ Command active delay from BUSCLK low 0 


t1105 Command inactive from BUSCLK high 


11106 -ACEN active delay from BUSCLK low (read cycie) 
t1i07 -ACEN inactive from BUSCLK high (read cycle 


tli08 — AC<0:3> active delay from BUSCLK low 
ti12_ -MCS16, -TOCSI6 to BUSCLK hi 


t1113_ -MCSI16, -IOCS16 hold from BUSCLK high 


t1116 _ Command active delay from BUSCLK high (write) 
tril? _-ACEN active delay from BUSCLK high (write 


tili8  -ACEN inactive delay from BUSCLK low (writc) 
21119 OWS to BUSCLK low 
t1i20  -OWS hold from BUSCLK hi 


t1123 | XA<0:1>, -SBHE valid delzy fram BUSCLK low 


@[W I$ |o [2 /@ [a [BR JO [eo Jo [o 
% Sis|s SIS ]8 (8 [8 7: 


DMA Arbitration 
DMA Arbitration 33 MHz 
Pg Min. Max. 
t1140  HRQn active setup to CPUCLKIN high 15 
t134]  HRQn inactive setup to CPUCLKIN high 1S 
11142 HOLD active delay from CPUCLKIN high 2 25 
t1143 HOLD inactive delay from CPUCLKIN high 4 23 
11144 HLDAn active delay from CPUCLKIN high 2 19 
t1145_ HUDAn inactive delay from CPUCLKIN high 30 
Refresh Arbitration 
Refresh Arbitration 33 MHz 
Min max. 
1148  REFRE width dow 3 CPUCLKIN 


ti1SQ___-MEMR delay from BUSCLK hi: 9 25 


- PRELIMINARY CHIPS and Technologies, inc. 


Mi 351 DC/AC Characteristics 


em a) 
Table 5-25. Reset Timing 
Resat Timing 33 MHz 
Nin. Max 
Ea RR NS TPE, NNR IN IE TR ETE SE RT IE oP i EET EOE BABES EE ERE SNE TERE AEE 
11170__ RESETS active delay from CPUCLKIN high tt] 25 
11171 _ RESETS inactive delay from CPUCLKIN high 2 12, 
tl172 RESETS pulse width a &5 
CPUCLKIN 
tli73___ RESET4 active delay from CPUCLKIN high 0 25 7 
tl!74._ RESET4 inactive delay from CPUCLKIN hi 2 12 
[prea aera 
[as 
Table 5-26. Miscellaneous Timing 
Miscellaneous Timing 33 MHz 
Min. Max. 
a a I I eS SE EE 
11187 BUSCLK high pulse width Programmable 
t1188 | BUSCLK low pulse width rogrammable 
t1189_ BUSCLK rise time Sata 6 : 
11190 BUSCLK fall time 6 
til91_ FGA20 valid from -IOW inactive 18 . 
t1193 A200 delay from CPUA20 : é P oO. . 16 
ae 
Table 5-27. Refresh Cycle 
a Refresh Cycle 33 Miz 
Min. Max. 
t1200__-RASi active delay from CPUCLKIN high 25 
21201 -RASi inactive delay from CPUCLKIN high 0 15 
11202 __-RASi pulse width see Note 
11203 -RASG+1!) active delay from -RASi active 1 CPUCLKIN 
11204 REFRESH address setup to -RASO 2CPUCLKIN 
11205 | REFRESH address hold from -RAS3 1CPUCLKIN 


Note The -RAS pulse width is programmable to 4, 5, 6, 7 CPUCLKIN. 


| 
Table 5-28. LPAR Timing : st cone fe 
Min. Max, 
SRR a a a A he RN ARE I I a NAY TS OST 
11220 -LPAR input setupto-CASinsctive 00 
__11221__ -LPAR inputholdto-CAS inactive 
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Figure 6-1. 82C351 AC Timing Waveforms 
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Figure 6-2. 
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Figure 6-3. 82C351 One Wait State Write Mode, Late RAS Mode, Five Wait State DRAM 
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Figure 6&4. 82C351 and 386DX Interface 
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Figure 6-5. 82C351 Write Hit, One Wait State Cache, Early RAS Mode, Five Wait States 
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82C351 Read Miss, Late RAS Mode, Three Wait States DRAM 


Figure 6-6. 
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82C351 Read Miss, Late RAS Mode, Four Wait States DRAM 


Figure 6-7. 
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82C351 Read Miss, Early RAS Mode, Three Wait States DRAM 


Figure 6-8. 
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Figure 6-9. 82C351 Read Hit{Write Hit, Zero Wait State Cache, Late RAS Mode, Four Wait 
States DRAM 


;|— rex Ef WRITE | 
i ce Ce © : 


° e 2 1 . ° 


CPUCLKIN 


* e « ° 
: : 
: : 
: : 
’ * s . . 
. * . ° « 
: : 
: : 
: : 
* 
CALE 
* » e . 


168 ° 


a . : | a * « e 
-CWEn : : 4 : 
a : 200 : : : : sss a a ee 
-CRDY : {HI 2) : : : : : mt) : : 


“READY ue = gesellZ) * : 
1 ORL = oo OO ee 
TAGO2> SOOOOKDOOKKT = 500000001000000000 


; ;_ samped/’: el 
-RAS : : Tbe: 
AS 
MADA10> X ) $4 XY : ROW : : : COLUMN : ix 
: t168 : 216 D s ‘ . : ° 
BWBUSY : : : : : : ; : : 
3 : ; : : } Festa : : 1162-3 
-LDBEN 
LDBDIR : i : : 
: ‘ H ¢ : t ¢ 


CHIPS and Technolgies, Inc. PRELIMINARY 83 


M351 Timing Diagrams 


aaa 
Figure 6-10. 82C35i1 DMA Cycle 
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Note  -CRD and -CWE are generated during DMA Write Hit Cycles. 
-CRD is generated for chip select type SRAMs. 
-AF32 is generated during DMA Cycle for 82C351 to generate the proper 
Action Code. 
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Figure 6-11. ROM Read Cycle 
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Figure 6-12. 82C351 AT Read Cycle 
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Figure 6-13,  82C351 AT Write Cycle 


CRUCLEIN 


BUSCLK 


AC<O:3> 


Two Wait States 
1s Te 
SUSeLe | | | a | | r | ———: 


“gns-X 


oNENY, -SHENY 
HERR, -SHEWR 


-085 


: = fetus | 


One Wait State 


CHIPS and Technologies, inc. PRELIMINARY 87 


Mi 351 Timing Diagrams 


rt 


82C351 DMA Arbitr. 


Figure 6-14. 
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Figure 6-15. 82C351 Refresh Arbitration 


-SO1K ee ee a a 


et me. ce ee, Oe ee ee EN GUE uate me on, ees ore 


By 


weosedesescebecheres 


CHIPS and Technologies, Inc. PRELIMINARY “89 


Mi 351 Timing Diagrams 


ff 
Figure 6-16. 82C351 Reset 
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Figure 6-17. 82C351 Miscellaneous Timing 
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Figure 6-18. Refresh Cycle 
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Note 1202 is the -RAS pulse width during refresh and it is programmable through 
register 11-bits 1 and 2. IOCHRDY wil! not be generated during a classical 
tefresh. 
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Figure 6-19. 82C 351 Index Register Read/Write 
ee a ee ee 
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Note _No data is output and XDEN is inactive if the index setup by the previous I/O 
22 Write does not point to a valid I/O 23 register of the 820351. 


CHIPS and Technologies, inc. PRELIMINARY ; 93 


i eee—C—CCC(CtCtiCCCC;tiCCtété.C(t(t(ét(#é#(#(#(#é#éw#é4é4é.ge... ea eee 


MI 351 Timing Diagrams 


This page is intentionally left blank. 


94 PRELIMINARY CHIPS and Technologies, inc. 


Section 7 


351 Physical Dimensions 


e 71 82C351 CPU/Cache/DRAM/Controller 


~~ 351 Physical Dimensions 


351 Physical Dimensions 


7.1. 820351 CPU/Cache/DRAM/Controller 


| 
Figure 7-1. 160-Pin Plastic Flat Package 
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£3 & Lead Length 


o See Note 2 
tetris SE GSE Hema: «= 
sense Crim |. 
Non- = = i _ 
Accumulative 1 aa : 
$2C351 ie pen 
2 La a 8 — 
gals 
<a° = 
s 
2 
Ped 
Clearance 
Lets tone 0.060 (0.000) _ 
See Note 2 0.600 (0.024) 
Pin 1 | Max Height 
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Lead Width CPU/Cache/DRAM 
0.30 40.10 * 
(0.012 | CONTROLLER L 


30.7 (1.209) 
32.4 (1.276) 


Scating Plane 42 (0.165) 


Legend minimum inches (minimum milimeters) 
maximum inches (maximum milimeters) 


Notel Package Body Size = 28 +0.2/-0.4 (1.102 + 0.008/-0.016) (Swire) 
Package Body Size = 28 +0.2 (1.102 +0.008) (All Other Package Vendors) 


NoteZ Lead Length = 0.6 40.3 (6.024 0.012) (Package Vendor = Seiko) 
Lead Length = 0.7 +0.2 (0.028 0.008) (Package Vendor = Yamaha) 
Lead Length = 0.8 40.2 (0.031 +0.008) (All Other Package Vendors) 
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Section 1 
355 Functional Description 


1.1. Features 


The 820355 provides all of the logic required to interface the Memory Data bus 
(MD<0:31>), to the Local System Data bus (D<0:31>). It also performs data 
alignment and size conversion, and contains parity detection and generation 
logic. 


1.2 Functional Subsystem 
Figure 1-1 shows the block diagram of the 82C355. 
The 820355 performs the following functions: 


© Buffers data between the D and MD buses 

© Generates and checks parity for the DRAM subsystem 

* Latches the data for DRAM buffered writes 

® Latches data from the AT bus during CPU AT bus reads 
® Performs data steering for AT bus accesses 

® Provides paths for SD and XD buses 


1.3 Bus Interface 


The 82C355 is the data buffer that interfaces the CPU data bus (D bus) to the 
memory data bus (MD bus). Figure 1-2 shows the various data paths. The MD 
bus interfaces to the SD Bus (AT bus) via bi-directional buffers. The XD bus, 
derived from the SD bus using additional bi-directional buffers, is used as a data 
path for on board peripherals such as the keyboard controller, etc. The signals 
HLDAI, -ATEN, AC<0:3>, SDIRO, and SDIRi control the direction of the data 
paths. Refer to Table 1-1 for bus control definition. 


Data on the D bus is latched inside the 82C355 by BWBUSY. The latches are 
open except for buffered writes. When BWBUSY is low the latches are open. 
When BWBUSY is high, the data is latched. 
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[ens | 
Figure 1-1. 820355 Data Buffer Block Diagram 
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Tabie i-7. Bus Control Definition 


HLDA -ATEN SDIRO SDIRt -DRD Cycle Type MD8us355 SDBuslSB BUFMSB 
0 0 ) Q x CPU ATREAD I I I 
o 0 a i x Not a valid cvele = _ — 
oO 0 1 a xX Not a valid — _— a 
0) i] 1 1 x CPU AT WRITE ce] ie) Oo 
i 1 1 1 0 MASTER/DMA 16-bit, I I 
8-bit LOC MEM RD 
1 0 1 0 Not a valid cycle _ — — 
1 0 0 MASTER/DMA 16-bit _ oO 
LOC MEM RD 
1 1 0 0 1 MASTER/DMA 16-bit _ °o ° 
AT MEM RD 
1 1 0 0 1 MASTER/DMA 16-bit _ rf I 
LOC MEM WR 
1 1 0 1 1 MASTER/DMA 8-bit _ I Oo 
LOC MEM WR . 
1 i 1 0 1 Not a valid cycle — —_ aaa 
i I 0 Q i MASTER/DMA 16-bit —_ oO o 
AT MEM WR 
Nate “” indicates “don’t care.” 
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e 22 Numerical Listing of Pin Assignments 

* 23 Alphabetical Listing of Pin Assignments 
* 24 Pin Diagram 
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1.4 Data Conversion 


The 820355 provides the proper data conversions for CPU initiated accesses to 
the AT bus. The action codes AC<0:3> are used to control the flow of data 
between the 32-bit memory (MD) data bus and the 32-bit local (D) data bus. 
The action codes are generated by the 82C351 according to the signals -MCS16 
and -IOCS16. The action codes are used to control the CPU accesses to the AT 
bus and are qualified by -ACEN. 


The 820355 handles the data bus swapping required when a master and slave 
use different data sizes. The action codes shown in Table 1-2 and Figure 1-3 
identify the data steering for all possible cycles. 


In Figure 1-3, A, B, C and D are the CPU data bytes (where A is the LSB and D 
is the MSB), E and F are the data bytes on the AT bus (where E is the LSB and 
Fis the MSB); G, H, I, and J are the data bytes on the Local RAM bus (where 
G is the LSB and J is the MSB). For example, when the CPU is performing 
local DRAM cycles, the bus conversions are not necessary as both the CPU and 
the local memory accesses are 32-bits wide. For CPU initiated AT cycles, bus 
conversions are required because the AT bus is 16-bits wide. The 82C351 
performs two 16-bit cycles and the eau Jatches the data, and presents 32-bit 


An. 


daia to the CPU. 
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ee 
Table 1-2. _ Action Code Definition 


AC<0:3> From To 
0 AB EF 
1 B EF 
2 cD EF ; 
3 D E/F 
s E G 
6 E BAH 
7 z CH a : 
8 E DA 
9 EF AB/GH _ 
A EF CcD/a 
B F E 
D E F 


1.5 Parity 


The 82C355 generates and checks parity for the DRAMs. There is one parity 
bit for each byte. MPO is the parity for MD<0:7>, MP] for MD<8:15>, MP2 
for MD<16:23>, and MP3 for MD<24:31>. 


During a write cycle (when -DRD is high) the parity is generated by the 82C355 
and the parity bits are driven on MP<0:3>. The generation of the parity is done 
on a byte by byte basis. 


‘When -DRD is low, the buffers driving MP<0:3> are tristated, disabling the 
parity generator and enabling the parity checker. The output of the parity 
checker, along with the parity bits read into the 820355 are internally compared 
on a byte by byte basis using the CAS<0:3> signals. If there is a parity error, 
the 82355 activates -LPAR to the 82C351. The parity enable signal -PEN 
should be low to enable parity checking. 


The parity exror signals from each byte are NORed together, then ORed with 
-PEN and sent out on the -LPAR signal. When an error is detected, the -LPAR 
signal will remain low until the next DRAM read from the offending byte with 
proper parity. 
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aay 
Figure 1-3. 82C355 Bus Conversion 


Note A,B,C, and D are 4 CPU bytes with A being the least significant byte. 
E and F are 2 AT bus bytes with E being the least significant byte. 
G, H, I, and J are 4 jocal RAM bytes with G being the jeast significant byte. 
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35 Pin Descriptions _ 


2.1 Pin Assignments 


aa 
Table 2-1. Pin Definitions 


Pin # Symbol Type Signal Description 
DO-D3 83-86 Inpuy The Data bus signals DO through D31 are bi-directional lines ured to 
D4-D8 92-96 Output connect the 82C355 to the CPU bus. They are drivea by the 820355 
von noe during DRAM reads, AT reads, DMA writes, and Master write 
“! . cies. SmA drive capability. 
D14-D17 105-108 ait . 
Dig 110 


awae aoe 


D19-D23 112-116 
D24-D25 118-119 


D26-D28 3-5 2 ht. day Bats 
D29-D31 1-9 

MDO-MD4 24-28 += Input/_ Memory Data Bis. The memory banks reside on this bus, The SD 
MDS-MD9 32-36 = Output bus (AT bus) is derived from the MD bus. SmA drive capability. 


MD10-MD11 38-39 
MDI2-MD14 41-43 
MDIS-MDI9  45-48,50 
MD20-MD24 52-56 
MD25-MD26 $8-59 
MD27-MD31 63-67 
MP<03> TI8O Input/ Memory Parity bits. MPO through MP3 are inputs during read cycles 
Output and outputs during write cycles. During read cycles these bits are 
; compared with internally generated parity bits to determine whether 2 
. parity errorhas occurred. - é: 
-CAS<0:3> 69-72 Input These are the -CAS byte enable coded lines from the 82C351, and are 
used to check Parity, Parity ie checked on the rising edoe of CAS for 
DRAM read cycles. Only the bytes for which -CAS is active have 
their parity checked, 


-PEN 74 Inpot = Parity enable (input from the 820351). When low, parity is checked 
for DRAM read cycles, When high, no parity checking is performed, __ 
TPAR 16 Quipat Local Parity error. This is the OR of the 4 parity error signals, 


ANDed with PEN. This signal will go inactive on the next memory 
read with proper parity for the byte which caused the error. 

HEDAI 19 Input Hold Acknowledge to indicate s DMA cycle for control logic to 

: control the buffer directions. When high 2 DMA channel or AT bus 
mastet has control of the bus. Used for data bus steering. 

-ACEN 10 Input Action Code enable is an active low input from the 820351 used to 
validate action code signals AC<0:3>. This signal follows the AT 
bus IOR, MEMR, or INTA signals for CPU AT bus reads. For CPU 
AT bus writes -ACEN is driven before the JOW or MEMW signals to 
provide data setup time. During DMA and bus master cycles, it is 
always low. 

AC<0:3> 11-14 Input Action codes are four bit encoded commands from the 8207351. They 
are used for data bus sizing and byte assembly operation. AC<0:3> 
are qualified by the -ACEN signal. Table 3-1, shown in Section J: 


355 Functional Description, contains the action code definition. 
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Table 2-1. Pin Definitions (continued) 
Pin ¥ Symbol Type Signal Description 
-DRD 8&2 Input DRAM READ is an active low signal When active it enables datz 


from the MD bus to the D bus. This signal determines the data 
direction, O=DRAM read cycle, I= DRAM write cycle. Itis used by 
the parity logic. Parity is checked when -CAS goes high only if DRD 


is low. 

-ATEN 88 Input AT BUS ENABLE is an active iow signal. When active, x indicates 
that the current cycle iz to the AT bas. 

SDIRO 16 Inpat Bus direction for SD<0-7>. Used for bus steering of the MD<0:7> 


lines. When high, SDIRO directs SD<0:7> away from the MD bus. 
When low, SDIRO points SD<0:7> towards the MD Bus. 


SDRI1 18 Input Bus direction for SD<8:15>. Used for bus steering of the MQ<8:15> 
lines. 
BWBUSY 20 Input Buffered Write Busy. This ix an active high signal nsed to latch the 
data during write cycles. The rising edge latches the CPU write data. 
LDBEN 21 Input Local Date Bus Enable is am active low signal enabling the data to flow 


between the MD and D bas and vice-verzz, This is active for CPU 


DRAM, AT, and I/O cycles. 


LDBDIR 22 Inpot Local Data Bus direction, When low, data flows from the MD bus to 
the D bases, When high, data path flows from the D to the MD bus. 
Vcc 17,29, 40, 49, +5 45% Supply Voltage. 
60, 73, 87, 
100, 109, 120 
GND 6, 15, 23, 31, Ground. 
37, 44, 51, 57, 
62, 68, 75, 31, 
91,97, 104, 
111,117 
NC 1, eg No connect - These pins should be left floating. 


a eA a A 
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2.2 Numerical Listing of Pin Assignments 


Pat 
Table 2-2. Numerical Pin Definitions 


Pin Signal Pin Signat Pin Signal Pin Signal 


1 NC 31 Vss 61 Nc 91 Vis 
2 NC 32 MDS 62 Vs 92 D4 a 
3 D26 33 MD6 63 MD27 93 DS 
4 D27 34 MD7 64 MD28 94 D6 _ 2 
5 p28 35 MD8 65 MD29 95 D7 _ 
6 Vise 36 MD9 66 MD30 96 Ds 
7 D29 37 Vas 67 MD31 97 Ves 
8 D30 38 MD10 68 Vss 98 Do 
9 D31 39 MDI! 69 CASO 99 D10 
10 -ACEN 40 Veco witi -CASi 100 Vee 
il ACO 41 MDI12 Ti CAS2 101 Dit 
12 ACI 42 MD12 72 CAS3 102 Di2 
13 AC2 43 MDi4 73 CAS3 103 Di3 a 
14 AC3 44 Vis 74 -PEN 104 Vas 7 
15 Ves 45 MD15 15 Vis 105 D4 
16 SDIRO 46 MDI6 76 -LPAR 106 DIS 
17 Vee 47 MD1i7 TT MPO 107 D16 
18 SDIR1 48 MD18 78 MPi 108 D7 7 n 
19 HLDAI 49 Vcc 79 MP2 109 Vee = 
20 BWBUSY 50 MDI9 80 MP3 110 D18 
21 -LDBEN $1 Vs 81 Ves 111 Vex 
22 LDBDIR §2 MD20 82 -DRD 112 DI9 
23 Vs 53 MD21 83 DO 113 D20 = 
24 MDO 54 .MD22 84 Di 114 D21 : 
25 MDi 55 MDz23 85 D2 115 D22 

26 MD? 56 MD24 86 D3 16 D3 
27 MD3 S57 Vas 87 Veo 117 Vis 
28 MD4 58 MD25 88 -ATEN 118 D24 ’ 
29 Vec 59 MD26 89 NC 119 D25 
30 NC 60 Veco 90 NC 120 Veco 
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po 
Table 2-3. 


2.4 Alphabetical Listing of Pin Assignments 


Alphabetical Pin Definitions 
Signa! Pin Signal Pin Signal Pin Signal Pin 
-ACEN 10 D1s 110 MDi12 41 -PEN 74 
ACO i DI9 112 MD13 42 SDIRO 16 
ACI 12 D20 113 MDI4 43 SDIR1 18 
AC2 13 D21 114 MDIS 45 Veco 17 
AG3 14 D22 115 MDI16 46 Voc 29 
-ATEN 88 D23 116 MD17 47 Veco 40 
BWBUSY 20 D24 118 MD18 48 Vee 49 
CASO 6&9 D25 119 MD19 50 Voc 60 
-CAS1 70 D26 3 __ MD20 §2 Vec 13 
-~CAS2 71 D27 4 MD21 $3 Veco 8&7 
-CAS3 72 D28 5 MD22 54 Veo 100 
-DRD 82 D29 7 MD23 $5 Veo 109 
DO 83 D30 $ MD?24 56 Vee 120 
DI 84 D31 9 MD25 58 Viz 6 
D2 85 HLDA! 19 MD26 59 Vss 15 
D3 86 LDBDIR 22 MD27 63 Vix 23 
D4 92 -LDBEN 21 MD28 64 Vas 31 
DS 93 -LPAR 76 MD29 65 Vas 37 
D6 94 MbDO 24 MD30 66 Vaz 4 
D7 9S MDI 25 MD31 67 Vs $1 
D8 96 MD2 26 MPO Tl Vis 57 
D9 98 MD3 27 MP1 78 Vax 62 
~D10 99 MDs 28 MP2 79 Vss 68 
Dii 101 MD5 32 MP3 80 Vas 75 
Di2 102 MD6 33 NC 1 Vsz 81 
D13 103 MD7 34 NC 2 Vis 91 
D14 105 MDs 35 NC 30 Ves o7 
D5 106 MD9 36 NC 61 Vx 104 
Di6 307 MbD10 38 NC 89 Vss 111 
DIT 108 MD1i 39 NC 90 Vss 117 
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2.5 Pin Diagram 


ae 
Figure 2-1. 82C355 Bus Controller Pin Diagram 
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Section 3 


355 Physical Characteristics 


3.1. Absolute Maximum Ratings 


Symbol Min. Max. Units 


SAP a yA TS Ne A I TT LNT EE EA ED ETO 

S Voltage Veo 78 ¥ : 
Input Voltage Vi -5 5.5 Vv 

Outer Unites Vo of ge uv 

we vu MA Y We BY ¥ = nt bil 
Operating Temperamre Top -25 85 Cc 

Storage Temperature ‘Trg ~40 125 Cc 


< Note Exposure to absolute maximum ratings conditions for extended periods may 
affect device reliability. Exceeding the absolute maximum ratings can cause 
permanent damage to the device. 


3.2 Operating Conditions 


Symbol Min. Max. Units 


SAE ff ff PN IS 
Supply Voltage Voc 4.75 $25 Vv 
Ambient Temperature Ta 70 c or 


CHIPS and Technologies, inc. PRELIMINARY 109 


HE 355 Physical Characteristics 


This page is intentionally left blank. 


110 PRELIMINARY CHIPS and Technologies, lnc. 


Section 4 


355 DC/AC Characteristics 


© 41 DC Characteristics 
© 42 AC Characteristics 


BE 355 DC/AC Characteristics 


355 DC/AC Characteristics 


4.1 DC Characteristics 


Symbol Min. Max. Units 


Input low voltage Vv; 

TIL level 03 _& Vv 

Input high volta; Vi 

TTL level 2.0 +0.3 Vv 
Output low voltage Vou AS Vv : 
Output high voltage Vor 2.4 

Input LOW current @ Vo = Vss In -10 +10 pA ; 
Input HIGH current @ Vo = Vdd In: -10 10 pA 
Ourput current low Tou 


all pins ex: -LPAR 


ée 
+ 
a 


on 
: 
i 
: LE 
a 
. 
RS 


‘All pins ¢ LPAR 8 +8 

-LPAR Tou 4 +4 
3-State output OFF current LOW ZL. -10 +10 
3-State output OFF current HIGH lon -10 +10 pA 
Power supply current @25 MHz toc “80. _semA _ 
Input capacitance Cr 10 pF 
Output or I/O capacitance Cour 10 pF 
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Table 4-1. 


Table 4-2. 


Table 4-3. 


Table 4-4. 


112 


4.2 AC Characteristics 


All timing parameters are specified under capacitive load of 50 pf and 
temperature of 70 degree C. All the units discussed in the following timing 
tables are in nanoseconds, unless otherwise specified. Also, the AC 


specifications mentioned in this document are subject to change. 


Parity Timing 
Parity Timing 25 MHz 
Min. Max. 
———eeeEEEa—eEeEeEeEEEE—E——————————————— 
t519___- LPAR inactive delay from -PEN inactive 20 
$21 -LPAR active delay from -PEN active 6 20 
1522 MP<0:3> setup to -CAS inactive 5 
t§23 MP<0:3> valid from MD<0:31> 28 
$24 MP<):3> hold from -CAS imactive 5 
Data Paths 
Data Paths 25 MHz 
Min Max. 
t555____ MD bus senp to CAS<0:3> inactive 25 
t556 MD bus hold to -CAS<0:3> inactive 10 
S70 = =DbustoMD bus 50 
$71 -~LBDEN low to DATA valid 39 
S72. MD bostoD bus 25 
Parity Timing 
Parity Timing 33 MHz 
Min. Max, 
519 -LPAR inactive delay from -PEN inactive 18 
121 __-LPAR active delay from -PEN active 6 18 
822. MP<0:3> setup to -CAS inactive 5 
$23. MP<0-3> valid from MD<0:31> 25 
1§24 | MP<0:3> hold from -CAS inactive 4 
Data Paths 
Data Paths 33 MHz 
Min. Max. 
t555__ MD bus setup to -CAS<0:3> inactive 25 
556 MD bus hold to -CAS<0:3> inactive 10 
t570__ D bus to MD bus 50 
1571__ -LBDEN low to DATA valid 39 
$72. MDbusw D bus 25 
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355 Timing Diagrams 


—— 
Figure 5-1. 82C355 Write and -LPAR Parity 
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$2C355 Write Parity Timing 


82C355 Parity -LPAR Timing 
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82C355 MD to D Bus Delay 


Figure 5-2. 
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Figure 5-3. 82C355 D to MD Bus Delay and LBDEN Low to Data Valid Out 
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355 Physical Dimensions 


6.1 82C355 Data Buffer . 


Ee 
Figure 6&1. | 120-Pin Plastic Fiat Package 


iit | 


Lead Pitch L 
0.8 (0.315 
Non- 
Accumulative 


82C355 
BUS BUFFER 


NNNRNOONAAAAAAAT 
CUTEST 


Lead Width 
0.25 (0.010) Yor 
0.45 (0.018) 4E=S 


{ 
28.2 (1.110) 


otprint 24:78__(1-250) 
Footprint 3.40 (1.276) 


27,8 (1.094) 


iVAVATAYAYAPAPREEAOUITAT ASIA TAPRERLE Vga atEHT pA 


—- 
— 
—y 
— 
— 
— 
— 
— 
aon 
— 
= 


27.8 (1.094) 
28.2 (1.110) 


Footprint21-7> (1-250) 1.250 
{ 32.40 (1.276) 


ax Height ETT TR ER, ial 
a7 (ots) $ SE a 


Clearance . Lead Length 


0.0 (0.000) - 0.6 (0.024) 
0.6 (0.024) 1.0 (0.039) 


Legend minimum in inches (minimum milimeters) 


maximum in inches (maximum milimeters) 
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Section 1 


356 Functional Description 


1.1 -fFeatures 


The 82C356 peripheral controller contains the address buffers used to interface 
the local address bus A<2:23> and I/O channel address bus SA<0:19>. It also 
contains an equivalent Integrated Peripheral Controller (PC) that incorporates 
two 8237 DMA controllers, two 8259 Interrupt Controllers, one 8254 
Timer/Counter, and an MC146818 RTC with CMOS RAM, in addition to 
several other SSI interface logic devices. 


1.2 Functional Subsystem | 
The 82C356 peripheral controller consists of the following functional 
subsystems as shown in Figure 1-1: 


e Address BUS interface between the A and SA buses 
e I/O Address Decodes 
© 14.318 MHz oscillator crystal interface 


ry at TD nT ATRAT Ln nin 
a Port Dai Lviv PURI 


© Integrated Peripheral Controller (PC) 
® Configuration Registers 


Address Bus Interface Between A and SA Buses 


The 82C356 interconnects the System Address bus SA<0:19> to the local bus 
A<2:23>. The drivers provided are 24mA current drivers for direct connection 
io the 1/O channel address bus. 

The buffers are controlled by HLDA1, -MASTER, -REF, and -ATEN to drive 
the signals from the source to the target buses. Table 1-1 shows how the drivers 
are configured between the buses foreach type of active bus request. When 
-REF is asserted, the refresh address is latched onto the SA bus as the refresh 
row address and the refresh counter for the I/O channel, residing in the 82C356, 
is incremented. When none of the controlling signals are active, the default 
buffer direction is from the A bus to the SA bus for memory accesses muna’ 


te. AAwannan am Toth nd ne 
by the CPU. For all CPU sourced accesses, ihe addresses are latched on tt 


trailing edge of -MALE. 
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Figure 1-1. 82C356 Block Diagram 
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Table 7-1. 


Table 1-2. 


M356 Functional Description 


Address Buffer Function ; : = aan a 
HLDA ATEN REF MSTR Mode Action 
ce] 1 1 1 NON-AT All buses are tri-stated in this mode. 
0 0 1 t AT folate bus XA <0:1> are driven by the 
Ss. 

0 i 0 1 REFRESH A<2:16> are disabled. 

1 1 1 0 MASTER The SA bus drives the A bus and XA 
<O:l> while A<I7:23> are tri-stated. A 

1 1 0 OQ MASTER-REFRESH The A bos is disabled. 

1 i 1 1 DMA The 820356 drives the A bus, the SA 
bus, and XA<O:1>. 


1.3 Address Decode 


The 82C356 provides I/O decode for the keyboard controller. The signal 
-8042CS provides the address decoding for the keyboard controller. The 
-8042CS output is an 1/O decade of addresses 60H and 61H. 


14 Ports and NMI logic 

The 820356 provides access to Port B defined for the PC/AT, as shown in Table 
1-2. The NMI (non-maskable interrupt) circuitry latches and enables the /O 
channel check and parity error conditions. If the corresponding NMIs are 
enabled in port B, a non-maskable interrupt is generated to the CPU and the 
source of the NMI is recorded in port B. Reading port B indicates the source of 
the error condition. The master enable for NMI generation (as defined for 
PC/AT system at system I/O port 70H, bit7) is implemented in the 82C356. If 
this bit is set to 1, NMI generation is disabled and if set to 0, itis enabled. 


Port 61 Bit Definition 


Address Bit Function Description 
61H Port B Register 


a 
B 
a 
3 

g 


- channel check 
Kead only T26 - Timer Z ont 
Read only RFD - Refresh detect 
Read write EIC - Enable 1/0 channel check -_ 
Read write ERP - Enable system memory parity check 
Read write SPK 
0 Read write 2G - Timer 2 Gate er 


The 82C356 also accepts an NMI due to power fail, READY timeout, or from 


the Power Control Unit (PCU) 82C636. The PCU is used to control power for 
memory, serial port etc. This also provides slow DRAM refresh during standby 


if 


since the PCU can supply the PFAIL interrupt. Reg 26H<4> and Reg 26H<2> 
are used to enable the NMI sourced from the PCU and READY timeout, 
respectively. Reg 26H<3> and Reg 26H<O> indicate the source of the NMI. 


ke 
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1.5 Integrated Peripheral Controller 


The Integrated Peripheral Controller (IPC) portion of the 82C356 is an LSI 
implementation of the standard peripherals required to implement an IBM 
PC/AT system board. It contains the equivalent of two 8237A DMA 
Controllers, two 8259A Interrupt Controllers, an 8254 Counter/Timer, and an 
MC146818 Real Time Clock with RAM. The IPC provides all the standard 
peripherals required for a system board implementation except the keyboard 
controller. Figure 1-2 illustrates the subsystems contained within the IPC. 


I 
Figure 1-2. Integrated Peripheral Controller Block Diagram 
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Two DMA Controllers are provided and connected in such a way as to provide 
the user with four channels of DMA (DMA\J), for 8-bit transfers and three 
channels of DMA (DMA2), for 16-bit transfers (the first 16-bit DMA channel is 
used for cascading). Included, as pari of the DMA subsystem, is the DMA Page 
Register used to drive the upper address lines when required. 


Sixteen interrupt channels are provided in the IPC. These channels are 
partitioned into two cascaded controlters: INTC1 and INTC2, with 8 inputs 
each. Of these 16 channels, three are connected internally to various devices, 
allowing 13 user definable interrupt channels. The three internally connected 
channels are as follows: 


* Channel 0— Counter/Timer Counter 0 Interrupt 

* Channel 2—- Cascade to Slave Interrupt Controller INTC2) 

*® Channel 8 — Real Time Clock Interrupt 

The remaining 13 channels may be defined and utilized as necessary to meet the 
users specific system requirements. 

A Countez/Timer (CTC) subsystem is provided containing three independent 
counters. All three counters are driven from a clock input pin independent of all 
the other clock inputs. Counter 0 is connected to Interrupt 0 of INTC1. It is 
intended to be used as a multilevel interrupt to the system for such tasks as time 
keeping and task switching. Counter 1 may be programmed to generate pulses 
or square waves for use by external devices. The third channel (Counter 2) is a 
full function Counter/Timer which has a gated input for controlling the internal 


counter. This channel can be used as an interval counter, a timer, or a gated 
‘Yate/pulse generator. 


A Real Time Clock (RTC) is included in the 820356 for maintaining the time 
and date, This snhevstem also contains 114 butes of CMOS RAM. in addition 
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to the Clock/Calendar, The Clock/Calendar information and RAM are kept 
active by connecting the device to an external battery when the sysiem power is 
turned off. 


ee Pee, ee ee a eee 


To interconneci and control ali of these major subsystems, a multilevel coniroi 


section is employed which is divided into subsystems for purposes of discussion. 


The first section covers the Clock and Wait State Control. This subsystem 
controls the generation of DMA wait states and the negation of IOCHRDY (if 
programmed to do so) during CPU access of the device. The iast subsystem is 
the Multilevel Decode. 


aual Panada Qrukeuata 
5 hm | wecoae oupsysiem 


To accommodate over 200 registers in the 82C356 and maintain I/O decode 
compatibility with the IBM PC/AT, a multilevel decode scheme is employed. 
The multilevel decode subsystem performs the function of generating enables to 
various subsystems. Controi and direction of the XDO-XD7 data bus buffers are 
also handled by this subsystem. The output buffers are enabled whenever an 


enable is generated to an intemal subsystem and the -IOR signal is asserted. 
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Table 7-3. 
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The multilevel decode subsystem provides 8 separate enables to various 
subsystems of the IPC. Table 1-3 contains a truth table of the internal decode. 


Integrated Peripheral Controller Internal Decode 


XA5 XA4 


E 
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XAO Addrees Selected 
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Figure 1-3. 
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The decode is enabled by three signals: -MSE(AEN), XA9, and XA8. To 

enable any internal device, -MSE(AEN) must be 1 and XA9 and XA8 must be 0, 


The decode scheme employed in the 820356 is designed to comply with the 
IBM PC/AT requirements, and is more fully decoded. If the user wishes to take 
advantage of the areas unused by inserting additional peripherals in the 1/O map, 
this may be done since the subsystems in the 82C356 do not respond to the 
unused address spaces established by the multilevel decode. The extra 
peripherals may be tied directly to the XDO-XD7 data lines since the IPC output 
buffers are not enabled unless an internal subsystem is enabled. 


pd [ps 


1.7. Clock and Wait State Control 


The Ciock and Wait Sate Control subsystem performs four functions: control of 
the DMA command width, control of the CPU read or write cycle length, and 
selection of the DMA clock rate. All of these functions are user selectable by 
writing to the Clock/Wait State Control! Register. 


Clock/Wait State Controi Register(023H) (Index 01H) 


Writing and reading this register is accomplished by first writing an 01H to 
location 022H to select the contro! register,and performing either a read or write 
to location 023H. 
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Clock Walt State: This bit allows the user to insert a divider between the 
DMaA Controller subsystems and the SCLK input pin, or connect the two 
directly. When this bit position contains a 0, the SCLK input is divided by two 
and is used to drive both the 8-bit and 16-bit DMA subsystems. A I in this 
position bypasses the divider and uses the SCLK input directly. Whenever the 
state of this bit is changed, an internal synchronizer controls the actual switching 
of the clock to prevent a short clock pulse from causing a DMA malfunction. 
Extended Memory Function Enable: This bit enables the extended 
-MEMR function. Normally, the assertion of -MEMR is delayed one clock 
cycle later than -IOW in the IBM PC/AT implementation (EMR=0). This may 
not be desirable in some systems. A 1 programmed into this bit position starts 
-MEMR at the same time as -IOW. 


&-bit Walt State: Wait states may be inserted in 8-bit DMA cycles by 


programming these two bits. 
Swit 8wo 8-bit DMA Wait States 
Q Q 1 : 
0 i 2 
1 0 3 
1 i 


generation logic to extend the cycle, if necessary. This input is driven low by 
the peripheral to extend the cycle. The cycle can then be completed by releasing 
IOCHRDY and allowing it to return high. 


16-bit Walt State: Wait states can be independently controlled for both 8-bit 
and 16-bit DMA cycles. This allows the user to tailor the DMA cycle more 


closely to the application. 
16W1 16WO 16-bit DMA Wait States 
0 0 1 - 
0 1 2 
1 0 3 
1 1 4 


° Read/Write Walt State: When the higher speed CPU’s are accessing the IPC 
subsystems, the cycle can be extended by programming up to four wait states 
into the Configuration Register. This causes the IPC to assert a not ready 
condition on IOCHRDY (low) whenever a valid decode from the Top Level 
Decode is detected and either -IOR or -IOW is asserted. IOCHRDY remains 


-RW1 RWO Read/Write Cycle Walt States 


it] 0 1 

0 1 2 
1 0 3 : 

1 1 4 
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The Configuration Register contents are preloaded by RESETS to an initial 
value of OCOH hex. This value establishes a default which is PC/AT compatible 


and corresponds to: 

Read/Write cycles 4 wait states 

16 bit DMA transfers I wait state 

8 bit DMA transfers 1 wait state 
-MEMR delayed 1 DMA clock cycle later than -IOW 
DMA clock is equal to SCLK/2 


1.8 DMA Functional Description 


The equivalent of two 8237A DMA controliers is implemented in the IPC 
subsystem. Each controller is a four channel DMA device which generates the 
memory addresses and control signals necessary to transfer information between 
a peripheral device and memory directly. This allows high speed information 
transfer with little CPU intervention. 


The two DMA Contwoliers are internally cascaded to provide four DMA 
channels for transfers to 8-bit peripherals (DMA 1) and three channels for 
transfers to 16-bit peripherals (OMA2), DMA2 Channel 0 provides the cascade 
interconnection for the two DMA devices; thereby maintaining IBM PC/AT 
compatibility. 


DMA cycle length control is provided internally in the IPC subsystem allowing 
independent control for both 8-bit and 16-bit cycles. This is done through the 
programmable registers which can extend command signals or insert wait states. 


Each DMA Channel has a pair of 16-bit counters and a reload register for each 
counter, The 16-bit counters allow the DMA to transfer blocks as large as 
65536 words. The register associated with each counter allows the channel to 
reinitialize without reprogramming. From this point on the description of the 
DMA subsystem pertains to both DMA! and DMA2, unless otherwise specified. 


DMA Operations 


During normal operation, the DMA subsystem is in either the Idle condition, the 
Program condition or the Active condition. In the Idle condition, the DMA 
controller executes cycles consisting of only one state, The idle state SI is the 
default condition, and the DMA remains in this condition unless the device has 
been initialized, and one of the DMA requests is active; or the CPU attempts to 
access one of the internal registers. 


When a DMA request becomes active the device enters the Active condition and 
issues a hold request to the system. Once in the Active condition the DMA 
controller generates the necessary memory addresses and command signals to 
accomplish a memory-to-I/O, 1/O-to-memory, or a memory-to-memory transfer. 
Memory-to-I/O and 1/0-to-memory transfers take place in one cycle, while 
memory-to-memory transfers require two cycles. During transfers between 
memory and I/O, data is presented on the system bus by either memory or the 
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Tequesting device, and the transfer is completed in one cycle. 
Memory-to-memory transfers however, require the DMA to first store data from 
the read operation in an internal register, and then write the stored data to 
memory on the subsequent cycle. 


During transfers between memory and I/O, two commands are activated during 
the same cycle. In the case of a memory-to-I/O transfer, the DMA controller 
asserts both -MEMR and -IOW, allowing data to be transferred directly to the 
requesting device from memory. Note that the 82C356 does not latch data from, 
or drive data out, on this type of cycle. 


Idle Condition 


‘When no device is requesting service the DMA is in an Idle Condition which 
maintains the state machine in the SI state. During this time, the DMA 
controller samples the DREQ input pins every clock cycle. The internal select 
from the multilevel decoder and HLDA are also sampled at the same time to 
determine if the CPU is attempting to access the internal registers. When either 
of the above two situations occurs, the DMA exits the idle condition. Note that 
the program condition has priority over the active condition since a CPU cycle 
has already started. 


Program Condition 


The program condition is entered whenever HLDA is inactive and internal 
select is active. During this time, address lines XA<0:3> become inputs if 
DMAL is selected, or XA<1:4> become inputs if DMA2 is selected. Note, 
when DMA2 is selected, XAO is ignored. These address inputs are used to 
select the DMA controller registers which are to be read or written. Due to the 
large number of internal registers in the DMA subsystem, an internal flip-flop 
bit is used to supplement the addressing of the count and address registers. This 
bit is used to select between the high and low bytes of these registers. The 
flip-flop toggles each time a read or write occurs to any of the word count or 
address registers in the DMA. This internal flip-flop can be cleared by RESET4 
or a Master Clear command, and can be set or cleared by the CPU issuing the 
appropriate command. 

Special commands are supported by the DMA subsystem in the program 
condition to control the device. These commands do not make use of the data 
bus, but are derived from a set of addresses, the internal select and -IOW or 
-IOR. These commands are Master Clear, Clear Register, Clear Mode Register 
Counter, Set and Clear Byte Pointer Flip-Flop. 


The IPC subsystem enables programming whenever HLDA has been inactive 
for one DMA clock cycle. It is the responsibility of the system to ensure that 
programming and HLDA are mutually exclusive. Erratic operation of the DMA 
controller can occur if a request for service occurs on an unmasked channel 
which is being programmed, The channel should be masked or DMA disabled 
to prevent the DMA controller from attempting to service a device with a 
channel that is partially programmed. oe eT eae 
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Active Condition 


The IPC DMA subsystem enters the active condition whenever a software 

request occurs, or a DMA request on an unmasked channel occurs, and the 
device is not in the program condition. The DMA controller then begins a 
DMaA transfer cycle. 


In a read cycle, for example, after receiving a DREQ, the DMA controller issues 
an HRQ to the system, Until an HLDA is retumed, the DMA controller remains 
in an idle condition. On the next clock cycle, the DMA controller exits Idle and 
enters state SO. During SO, the device resolves priority and issue -DACK on the 
highest priority channel requesting service. The DMA controller then proceeds 
to state §1 where the multiplexed addresses are output and latched. State S2 is 
then entered, at which time the DMA controller asserts -MEMR. The device 
then transitions into S3 where the -IOW command is asserted, The DMA 
controller remains in $3 until the Wait State counter has decremented to zero 
and IOCHRDY is true. Note that at least one additional $3 occurs, unless 
Compressed Timing is selected. Once IPCHRDY is true, the DMA controller 
enters $4 where both commands are deasserted. In Burst Mode and Demand 
Mode (discussed in the following sections), subsequent cycles begin in $2 
unless the intermediate addresses require updating. In these subsequent cycles, 
the lower addresses are changed in S2. The DMA controller can be 
programmed on a channel by channel basis to operate in one of four modes: 


® Single Transfer Mode 
® Block Transfer Mode 
© Demand Transfer Mode 
© Cascade Mode 


Single Transfer Mode 


This mode directs the DMA controller to execute only one transfer cycle ata 
time. DREQ must be held active until -DACK becomes active. If DREQ is 
held active throughout the cycle, the DMA controller deasserts HRQ and 
releases the bus once the transfer is complete. After HLDA has gone inactive, 
the DMA controller again asserts HRQ and executes another cycle on the same 
channel, unless a request from a higher priority channel has been received. In 
this mode the CPU is ensured of being allowed to execute at least one bus cycle 
between transfers. , 


Following each transfer, the word count is decremented and the address is 
incremented or decremented. When the word count decrements from O000H to 
FFFFH, the terminal count bit in the status register is set and a TC pulse is 
generated. If the autoinitialization option has been enabled, the channel 
reinitializes itself. If autoinitialize is not selected the DMA controller sets the 
DMA request bit mask and suspends transferring on the channel. 
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Block Transfer Mode 


When Block Transfer Mode is selected, the DMA controller begins transfers in 
response to either a DREQ or a software request and continues until a terminal 
count of FFFFH is reached; at which time, TC is pulsed and the staus register 
terminal count bit is set. In this mode, DREQ need only be held active until 
-DACK is asserted. Autoinitialization is also operational in this mode. 


Demand Transfer Mode 


in Demand Transfer mode, the DMA begins transfers in response to the 
assertion of DREQ and continues until either terminal count is reached, or 


DREO hecomes inactive, This mode is normally need for nerinherale which 
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have limited buffering availability. The peripheral can initiate a transfer and 
continue until its buffer capacity is exhausted. The peripheral may then 
re-establish service by again asserting DREQ. During idle periods between 
transfers, the CPU is released to operate and can monitor the operation by 
reading intermediate values from the address and word count registers. Once 
DREQ has been deasserted, higher priority channels are allowed to intervene. 
Reaching terminal count results in the generation of a TC pulse, the setting of 
the terminal count bit in the status register and autoinitialization (if enabled.) 


Cascade Mode 
This mode is used to interconnect more than one DMA controller, to extend the 
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mode, the master DMA controller does not generate address or control signals. 


The DREQ and -DACK signals of the master are used to interface the HRQ and 


HLDA signals of the slave DMA devices. Once the master has received an 
HLDA from the CPU in response to a DREO caused by the HRO from a slave 
DMA Controlier, the master DMA controller ignores all inputs except HLDA 
from the CPU and DREQ on the active channel. This prevents conflicts 
between the DMA devices. 


Figure 1-3 shows the cascade interconnection for two DMA devices, Note that 


ate on 


Channel 0 of DMAZ2 is intemally connected for Cascade mode to DMAL. 
Additional devices can be cascaded to the available channels in either DMAI or 
DMAZ2 since cascade is not limited to two levels of DMA controliers. 


When programming cascaded controllers, begin with the device that is actually 
generating HRQ to the system (first level device), then proceed to the second 
level devices. RESET4 causes the -DACK outputs to become active low and 
are placed in the inactive state. To allow the internal cascade between DMAI 
and DMA2 to function correctly, the active low state of -DACK should not be 
modified. This is because the DMA controllers have an inverter between 
-DACKO of DMA2 and HLDA of DMA. The first level device’s DMA 
request Mask bit prevents second level cascaded devices from generating 
unwanted hold requests during the initialization process, 
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Figure 1-4. Cascade Mode Interconnect 


1.9 DMA Transfers 


Four types of transfer modes are provided in the DMA subsystem. These 
transfer types are: Read Transfer, Write Transfer, Memory-to-Memory 
Transfer, and Verify Transfer. 


* Read Transfer — Read transfers move data from memory to an 1/0 
device, by generating the memory address and asserting -MEMR and -IOW 
during the same cycle. 


© Write Transfer — Write transfers move data from an I/O device to 
memory by generating the memory address and asserting -IOR and 
-MEMW during the same cycle. 


* Memory-to-Memory Transfer — The memory-to-memory transfer is 
used to move a block of memory from one location in memory to another. 
DMA channels 0 and 1 may be programmed to operate as 
memory-to-memory channels by setting bits in the Command Register. 
Once programmed to perform a memory-to-memory tranfer the process can 
be started by generating either a software or an external request to 
channel 0. Once the transfer is initiated, Channel 0 provides the address for 
the source block during the memory read portion of the cycle. Channel 1 
generates the address for the memory write cycle. During the read cycle, a 
byte of data is latched in the internal Temporary Register of the 82C356. 
The contents of this register are then placed on the XD<0:7> data lines 
during the write portion of the cycle and subsequently writtea to memory. 
Channel! 0 may be programmed to maintain the same source address on 
every cycle. This allows the CPU to initialize large blocks of memory with 
the same value. The DMA controller will continue performing transfer 
cycles until Channel 1 reaches terminal count. 

*® Verify Transfer — The verify wansfer is a pseudo-transfer which is useful 
for diagnostics. In this type of transfer the DMA will operate as if it is 
performing a Read or Write Transfer by generating HRQ, addresses and 
-DACK but will do so without asserting a command signal. Since no 
transfer actually takes place IOCHRDY is ignored during Verify transfer 
cycles. 
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1.10 Autoinitialization 


Each of the four DMA channel Mode Registers contains a bit which causes the 
channel 1 to reinitialize after reaching terminal count. During this process, 
referred to as autoinitialization, the Base Address and Base Word Count 
Registers, which were originally written by the CPU, are reloaded into the 
Current Address and Current Word Count Registers (both the base and current 
registers are loaded during a CPU write cycle). The base register remains 
unchanged during DMA Active cycles and can only be changed by the CPU. If 
the channel has been programmed to autoinitialize, the request mask bit will not 
be set upon reaching terminal count. This allows the DMA to continue 
operation without CPU intervention. 


During memory-to-memory transfers the Word Count Registers of both Channel 
0 and Channel! 1 must be programmed with the same starting value for full 
autoinitialization. If Channel 0 reaches terminal count before Channel 1, then 
Channel 0 will reload the starting address and word count and continue 
transferring data from the beginning of the source block. Should Channel 1 
reach terminal count first, it will reload the current registers and Channel 0 will 


1.11 DREQ Priority 


The DMA subsystem supports two schemes for establishing DREQ priority. 
The first is fixed priority which assigns priority based on channel position. In 
this method, Channel 0 is assigned the highest priority. Priority assignment then 
progresses downward through the channels in order; with Channel 3 receiving 
the lowest priority. 


The second type of priority assignment is rotating priority. In this scheme, the 
ordering of priority from Channel 0 to Channel 3 is maintained, but the actual 
assignment of priority changes. The channel most recently serviced is assigned 
the lowest priority and, since the order of priority assignment remains fixed, the 
remaining three channels rotate accordingly. The rotating priority assignment is 
illustrated in Table 1-4. 


aa 
Table 1-4. Rotating Priority Scheme 


First 5 - Third Priority 
Arbitration - S = Arbitration _ 
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Note in the preceeding table, a box around a channel number indicates a requested 
channel. 


In instances where multiple requests occur at the same time, the IPC issues an 
HRQ but does not freeze the priority logic until HLDA is returned. Once 
HDLA becomes active, the priority logic is frozen, and -DACK is asserted on 
the highest requesting channel. Priority is not re-evaluated until HLDA has 
been deactivated. 


1.12 Address Generation 


The DMA Page Register generates A<17:23>. During 16-bit DMA transfers, 
XAO and XA16 remain inactive. The DMA Page Register is a set of 16, 8-bit 
registers in the IPC which are used to generate the high order addresses during 
DMA cycles. Only 8 of the registers are actually used, but all 16 are included to 
maintain IBM PC/AT compatibility. Each DMA channel has a register 
associated with it, with the exception of Channel 0 of DMA2, which is used for 
intemal cascading to DMA1. Assignment of each of these registers is shown in 
Table 1-5 along with its Read/Write address. 


Table 1-5. DMA Address Extension Map 


Address = Register Function 
080H Unused 


a a TE TS 
* __ 081H 8-bit DMA Channel 3 (-DACK3) 
082H 8-bit DMA Channel 2 (-DACKZ) 
083H 8-bir DMA Channel i (-DACK1) 


084H Unused 

O85H Unused 

086H Unused 

087H 8-bit DMA Channel 0 (-DACKQ) 
O838H Unused 

089H 16-bit DMA Channel 2 (--DACK6) 


O8AH 16-bit DMA Channel 3 (-DACK7) 


08BH 16-bit DMA Channel 1 (-DACKS) 
OsCH Unused 


During Demand and Block Transfers, the IPC generates multiply sequential 
transfers. For most of these transfers the information in the intemal address 
latches remains the same, eliminating the need to be relatched. Since the need 
to update the latches occurs only when a carry or borrow from the lower 8-bits 
of the Address Counter exists, the IPC only updates the latch contents when 
necessary. The IPC therefore, only executes S1 cycles when necessary, 
resulting in an overall through-put improvement. 
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1.13 Compressed Timing 


The DMA subsystem in the 82C356 can be programmed to transfer a word in as 
few as 3 DMA clock cycles. The normal DMA cycle consists of three states: 
$2, $3, and $4 (this assumes Demand or Block Transfer Mode). Normal 
transfers require 4 DMA clock cycles since S3 is executed twice due to the 1 
wait state insertion. In systems capable of supporting high through-put, the IPC 
can be programmed to omit one S3 and assert both commands in $2. $2 begins 
the cycle by generating the address and asserting both commands. One S3 cycle 
is executed and the cycle terminates in $4. If Compressed Timing is selected, 
TC is active in S2. Note that Compressed Timing is not allowed for 
memory-to-memory transfers. 


1.14 Register Descriptions 


¢ Current Address Register — Each DMA channel has a 16-bit Current 
Address Register which holds the address used during transfers. Each 
channel can be programmed to increment or decrement this register 
whenever a transfer is completed. This register can be read ar written by 
the CPU in consecutive 8-bit bytes. If autoinitialization is selected, this 
register is reloaded from the Base Address Register upon reaching terminal 
count in the Current Word Count Register. Channel 0 can be prevented 
from incrementing or decrementing by setting the Address Hold Bit in the 
Command Register. 


© Current Word Count Register — Each channel has a Current Word 
Count Register which determines the number of transfers to perform. The 
actual number of transfers performed is one greater than the value 
programmed into the register. The register is decremented after each 
transfer until it rolls over from zero to FFFFH. When this occurs, the DMA 
controller generates TC and either suspend operation on that channel and 
set the appropriate Request Mask Bit or Autoinitialize and continue. 


© Base Word Count Register — This register preserves the initial value of 
the Current Word Count Register. It is also a write only register which is 
loaded by writing to the Current Word Count Register. This register is 
loaded in the Current Word Count Register during autoinitialization. 


# Command Register — This register controls the overall operation of a 
DMA subsystem. The register can be read or written by the CPU and is 
cleared by either RESET4 or a Master Clear command. 


Clock/Wait State Control Register (023H) (Index 01H) 


[87 (Be [ps [pa [3 |p2 |B1 {po | 


Memory-to-Memory 
Address Hold 
Controller Disable 
Compressed Timing 
Rotating Priority 
Extended Write 
DREQ 

-DACK 
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Memory-to-Memory A 1 in the bit 0 position enables Channei 0 and Channel 
1 to be used for memory-to-memory transfers. 


Address Hold Writing a I enables the address hold feature in Channel 0 
when performing memory-to-memory transfers. 


Controller Disable Bit 2 is the master disable for the DMA controller. , 
Writing a 1 to this location disables the DMAsubsystem (DMA1 or DMA2). 

This function is normally used whenever the CPU needs to reprogram one of the 

channels to prevent DMA cycles from occurring. 


Compressed Timing Compressed timing is enabled by writing a 1. The 
default 0 condition causes the DMA to operate with normal timing. 


eRe ot Rook emda VEY s* wm FW L- OAL LL on eS FP emt! nt 


Rotating Priority Writing a 1 causes the 82C356 to utilize a rotating priority 


scheme for honoring DMA requests. The default condition is fixed priority. 


Extended Write Extended Write is enabled by writing a 1 to 5 bit, causing 

the write commands to be asserted one DMA cycle earlier during a transfer. 

The read and write commands both begin in state S2 when enabied. 

DREQ DREQ active level is determined by bit 6. Writing a i in this bit 

position causes DREQ to become active low. 
-DACK -DACK active level is determined by bit 7. Programming a 1 in thi 


wee fa £ AVE nae 


bit position makes DACK an active high signal. 


Mode Register 


Each DMA channel has an associated Mode Register. All four Mode Registers 

reside at the same I/O address. Bits 0 and 1 of the Write Mode Register 

command determines which channet’s Mode Register is written. The remaining 

six bits control the mode of the selected channel. Each channel’s Mode Register , 
can be read by sequentially reading the Mode Register location. A Clear Mode 
Register Counter command is provided to allow the CPU to restart the mode 
read process at a known point. During mode read operation, bits 0 and 1 will 
both be 1. 


ieee ; 
Figura 1-6. Mode Register 


[57 [po [Bs |pa [3 [Bo [Bi ]RO | 


+ Channel Select 
gE Transfer Type 


| Le Antoinitialization 
. Address Counter 
Mode Selection 


Ek a 


BK! PRELIMINARY CHIPS and Technologies, inc. 


CHIPS and Technologies, Inc. 


a 
Table 1-6. 


Table 1-7. 


Table 1-8. 


Channel Select <0:1>: Channel Select bits 1 and 0 determine which 
channel’s Mode Register is written. 


Channel Selector 


cs1 cso 


t!) 0 
0 I 
1 0 
1 i 


Transfer Type <0:1>: Bits 2 and 3 contro! the type of transfer to be 


performed. 


Transfer Type 
1 = TTo 


BN a na el 
0 Q Verify Transfer 


iY 1 
1 0 


1 1 Biegal 


Channel 

Channel 0 Select 
Channel 1 Select 
Channel 2 Select 
Channel 3 Select 


Type 


Write Transfer 
Read Transfer 


W356 Functional Description 


Autoinitialization 1: Autoinitilization function is enabled by writing a 1 in 
bit 4 of the Mode Register. 


Address Counter: Bit 5 determines the direction of the address counter, as 


well as the address after the transfer. A 0 increments the address after each 


transfer. A 1 decrements the address after each transfer. 
Mode Selection <0:1> Mode Selection for each channel is accomplished by 


bits 6 and 7. 


Request Register 
This four bit register is used to generate software requests (DMA service can be 
requested either externally or under software control). Request Register bits can 
be set or cleared independently by the CPU. The Request Mask has no effect on 
software generated requests. All four bits are read in one operation and appear 


in the lower four bits of the byte. Bits 4 through 7 are read as ones. All four 
request bits are cleared to zero by RESET4. 
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Figure 1-7. 


Table 1-9. 


Figure 1-8. 


Request Register Write Operation 


Request Select <0:1>: Channel Select 0 and 1 determines which channel’s 
Mode Register is written. Read back for the mode register results in bits 0 and 1 
being ones. 


Request Channel Select 


RSi1 = RSO- Channel 


o 
o i Channel 1 Select 
1 
i 


Request Bit: The request bit is set by writing a 1 to bit2. RS1-RSO selects 
which bit (channel) is to be manipulated. 


Format for the Request Register read operation is shown as follows: 


Request Register Read Operation 


[37 |6 [ps |pa 3 [32 [1 [BO _ 


Request Channel <0:3>: During s request Register read, the state of the 
request bit associated with each channel is returned in bits 0 through 3 of the 
byte. The bit position corresponds to the channel number. 
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Request Mask Register 
‘The Request Mask Register is a set of four bits which are used to inhibit 


external DMA reanests from generating transfer cycles, This register can be 
programmed in two ways. Each channel can be independently masked by 
writing to the Write Single Mask Bit location. The data format for this 
operation is shown as follows. 


Figure 1-9. Register Mask Register Set/Reset Operation 


Unused 


Mask Select<0:1>: These two bits select the specific mask bit which is to be 
set or reset. 


= 
Table 1-10. Mask Channel Select 


MSt MSO Channel 


0 0 Channel 0 Select 
0 1 Channel 1 Select 
1 4] Channel 2 Select 7 
1 i Channel 3 Select 


Mask Bit: Bit 2 sets or resets the request mask bit for the channel selected by 
MSi and MSO). Writing a 1 in this bit position sets the mask, inhibiting 
external requests. 


Alternately, all four mask bits can be programmed in one operation by writing to 
the Write All Mask Bits address. Data format for this and Read All mask Bits 
function is shown as follows: 


Figure 1-10. Request Register Read Operation 
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Mask Bit <0:3»: Each bit position in the field represents the mask bit of a | 
channel. The mask bit number corresponds to the channel number associated 

with the mask bit. All four mask bits are set following a RESET4 or a Master 

Clear command. Individual channel mask bits are set as a result of terminal 

count being reached if Autoinitialize is disabled. The entire register can be 

cleared, enabling all four channels, by performing a Clear Mask Register 

operation, 


Status Register 


The status of all four channels can be determined by reading the Status Register. 
Information is available to determine if a channel has reached terminal count 
and whether an external service request is pending. Bits 6-3 of this register are 
cleared by RESET4, Master Clear, or each time a Status Read takes place. 

Bits 4-7 are cleared by RESET4, Master Clear, or the pending request being 
deasserted. Bits 4-7 are not affected by the state of the Mask Register Bits. The 
Channel number corresnonds to the bit nosition. 


ae SA te 


Figure 1-11. Status Read Only Register 


Temporary Register 


The Temporary Register is used as a temporary holding register for data during 
memiory-to-memory transfers, The register is loaded during the first cycle of a 
memory-to-memory transfer from XD<0:7>. During the second cycle of the 
transfer, the data in the Temporary Register is placed on the XD<0:7> pins. 
Data from the last memory-to-memory transfer remains in the register unless a 
RESET4 or Master Clear occurs. 


Special Commands 


Five Special Commands are provided to make the task of programming the 
DMA controller easier. These commands are activated as a result of a specific 
address and assertion of either a -IOR or -IOW. Information on the data lines is 
ignored by the 82C356 whenever an -IOW activated command is issued, thus 


data returned on -IOR activated commands is invalid. 
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Clear Byte Pointer Flip-Flop: This command is normally executed prior to 
reading or writing to the address or word count register. This initializes the 
flip-flop to point to the low byte of the register and allows the CPU to read or 
write the register bytes in correct sequence. 


Set Byte Pointer Flip-Flop: Setting the Byte Pointer Flip-Flop allows the 
CPU to adjust the pointer to the high byte of an address or word count register. 


Master Clear: This command has the same effect as 9 hardware RESET, The 


Command Register, Status Register, Request Register, Femporary register, 
Mode Register Counter and Byte Pointer Flip-Flop are cleared and the request 
Mask Register is set. Immediately following Master Clear or RESET4, the 
DMA will be in the Idle Condition. 


Ciear Request Mask Register: This command enables all four DMA 
channels to accept requests by clearing the mask bits in the register. 


Clear Mode Register Counter: In order to allow access to four Mode 
Registers while only using one address, an additional counter is used. After 
clearing the counter all four Mode Registers may be read by doing successive 
reads to the Read Mode Register address, The order in which the register is read 
is Channel 0 first, Channel 3 last. 


1.15 Interrupt Controller Functional Description 


The programmable interrupt controllers in the 82C356 functions as a system 
wide interrupt manager in an IAPX86 system. They accept requests from 
peripherals, resolve priority on pending interrupts and interrupts in service, issue 
an intermipt request to the CPU, and provide a vector which is issued as an index 
by the CPU to determine which interrupt service routine to execute. 


A variety of priority assignment modes are provided, which can be reconfigured 
at any time during system operation; allowing the complete interrupt subsystem 
to be restructured, based on the system. 


interrupt System 


Two interrupt controllers, INTC1 and INTC2, are included in the 820356. Each 
of the interrupt controllers are equivalent to an 8259A device operating in 
IAPX86 Mode. The two devices are interconnected and must be programmed to 
operate in Cascade Mode (see Figure 1-12) for proper operation of all 16 
interrupt channels, INTC1 is located at addresses 020H-021H and is configured 
for Master operation (defined below) in Cascade Mode. INTC2 is a Slave device 
(defined below) and is located at OAQh-OA1H. The Interrupt Request output 
signal from the INTC2 (INT) is internally connected to the interrupt request 
input Channel 2 (IR2) of the INTC1. The address decoding and Cascade 
interconnection matches that of the IBM PC/AT. 
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aes 
Figure 1-12. Internal Cascade Interconnect 


WTC4 


-INTA ANTA 


wT 

2 
CABS 
cAS1 
CAaG 
cA 
CAS 
Cas2z 

WT 


Two additional interconnections are made to the interrupt request inputs of the 
interrupt controllers. The output of Timer 0 in the Counter/Timer subsystem is 
connected to Channel 0 (TRO) of INTC1. Interrupt request from the Real Time 
Clock is connected to Channel 0 (RO) of INTC2. Table 1-11 lists the 16 
interrupt channels and their interrupt request source. 


Description of the Interrupt Subsystem pertains to both INTC1 and INTC2 
unless otherwise noted. Wherever register addresses are used, the address for 
the INTC] register is listed first and the address for the INTC2 register follows 
in parenthesis. For Example, 020H (OA0H) indicates 020H is the address for 
INTC1 and OAOH is for INTC2. 


Table 1-11. Interrupt Request Source Environment 


Controller Number Channel Number Interrupt Request Source 


INTC1 iRO Counter/Timer Out 0 


INTC1 Ri IRQ1 Input Pin 
INTCi IR2 INTC2 Cascade Interrupt 
INTCL R3 IRQ3 Input Pin 
INTC! TR4 IRQ4 Input Pin 
INTC1 IRS IRQS Input Pin 
INTCI IR6 IRQ6 Input Pin 
INTC! TR7 IRQ7 Input Pin 
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Figure 1-13. 


Hi 356 Functional Description 


1.16 Controller Operation 


Figure 1-13 is a block diagram of the major elements in the interrupt controller. 
The Interrupt Request Register (IRR) is used to store requests from all of the 
channels that are requesting service. Interrupt Request Register bits are labeled 
using the Channel Name IR<0:7> The In-Service Register (SR) contains all 
the channels which are currently being serviced (more than one channel can be 
in service at a time). In-Service Register bits are labeled IS<0:7>. The Interrupt 
Mask Register (IMR) allows the CPU to disable any or all of the interrupt 
channels. The Priority Resolver evaluates inputs form the above three register, 
issues an interrupt request, and latches the corresponding bit into the In-Service 
Register. During interrupt acknowledge cycles, a master controller outputs a 
code to the slave device which is compared in the Cascade Buffer/Comparitor 
with a three bit ID code previously written. If a match occurs in the slave 
controller, it will generate an interrupt vector. The contents of the Vector 
Register are used to provide the CPU with an interrupt vector during Interrupt 
Acknowledge CINTA) cycles. 


interrupt Controller Block Diagram 


iN-SERVICE 
REGISTER 


INTERRUPT 


REQUEST 
ia REGISTER i PRIORITY 
RESOLVER 


INTERRUPT 
MASK 
REGISTER 


CASCADE 
COMPARATOR 


1.17 Interrupt Sequence 


The Interupt Controller subsystem allows the CPU to perform an indirect jump 
to a service routine in response to a request for service from a peripheral device. 
The indirect jump is based on a vector which is provided by the Interrupt 
Controller on the second of two CPU generated INTA cycles (the first INTA 
cycle is used for resolving priority and the second cycle is for transferring the 
vector to the CPU), as shown in Figure 1-14, The events which occur during an 
interrupt sequence are as follows: 
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Figure 1-14. Interrupt Sequence 


INTERRUPT MUST REMAIN ACTIVE UNTIL 
THE FIRST INTA CYCLE BEGINS 


ed 


. One or more of the interrupt requests (IR7-IRO) become active, setting the 
corresponding IRR bit(s). 

. The interrupt controller resolves priority based on the state of the IRR, IMR, 
and ISR and asserts the INTR output if appropriate. 


. The CPU accepts the interrupt and responds with an INTA cycle. 


4. During the first INTA cycle, the highest priority ISR bit is set and the 
corresponding IRR bit is cleared. The internal Cascade address is generated 
and XD<0:7> remain tri-stated. 


5. The CPU will execute a second INTA cycle, during which the Interupt 
Controller will drive an 8-bit The format of this vector is shown in 
Table 1-12. Note that V<3:7> in Table 1-12 are programmable by writing to 
Initialization Control Word 2 (see Section 1.19 Programming the Interrupt 
Controlier, Subsection titled Initialization Command Words). 


. At the end of the second INTA cycle, the ISR bit is cleared if the Automatic 
End Of Interrupt mode is selected (see Section 1.18 End Of Interrupt). 
Otherwise, the ISR bit must be cleared by an End Of Interrupt (EOD 
command from the CPU at the end of the interrupt service routine. 


Nv 


w 


an 


If no interrupt request is present at the beginning of the first INTA cycle (i.c., a 
spurious interrupt) INTC! issues an interrupt level 7 vector during the second 
INTA cycle. 


Table 1-12. Interrupt Vector Byte 


iRG D7 06 Le] D4 D3 D2 Dt Do 
JIRQ7 Vi V6 V5 v4 V3 1 1 ) 
TRQ6 V7 V6 VS V4 V3 1 1 0 
IRQs Vi V6 Vs V4 V3 1 a 1 
IRQ4 V7 V6 V5 v4 V3 1 it) G 
IRQ3 Vi V6 Vs V4 V3 1) 1 1 
RQ2 VT V6 V5 V4 V3 Qo 1 0 
RQ! v7 V6 V5 V4 V3 0 0 1 

IR Asi V6 Vs v4 V3 0 0 0 
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W356 Functional Description 


1.18 End of Interrupt 


End of Interrupt (EOD is defined as the condition which causes an ISR bit to be 
cleared. Determination of which ISR bit is to be reset can he done by a CPU 


command (specific EOD) or, the Priority Resolver can be instructed to clear the 
highest priority ISR bit (non-specific EOD). 


The 82C356 can determine the correct ISR bit to reset when operated in modes 
which do not alter the fully nested structure, since the cumrent highest priority 
ISR bit is the last level acknowledged and serviced. In conditions where the 
fully nested structure is not preserved, a specific EOI must be generated at the 
end of the interrupt service routine. An ISR bit that is masked, in Special Mask 
Mode by a IMR bit, will not be cleared by a non-snecific EO! command, The 
interrupt controller can optionally generate an Automatic End Of Interrupt 
{AEOD on the trailing edge of the second INTA cycle. 


Priority Assignment 


Assignment of priority is based on an interrupt channel’s position relative to the 
other channels in the interrupt controller. After the initialization sequence, IRO 


hac the hichest nrigrity, TR7 has the lowest and nrioritv acsionment is fired 
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(Fixed Priority Mode). Priority assignment can be rotated either manually 
(Specific Rotation Mode) or automatically (Automatic Rotation Mode) by 
programming Operational Command Word 2(0CW2). 


oe oe PRE eT BE oP Ps ee Pee ae a 


Fixed Pi wrny MOGE: This is the default condition which exists unless 


_Totation (either manual or automatic) is enabled, or the controller is programmed. 


for Polled Mode. In Fixed Priority Mode, interrupts are fully nested with 
priority assigned as shown: 


Fixed Priority Mode Interrupts 
ore Lowest Highest 
q 6 5 4 3 2 1 0 


Nesting allows interrupts of a higher priority to generate interrupt requests prior 
to the completion of the interrupt in service. When an internupt is 
acknowledged, priority is resolved, the highest priority request’s vector is placed 
on the bus and the ISR bit for that channel is set. This bit remains set until an 
EOI (automatic or CPU generated) is issued to that channel. While the ISR bit 
is set, all interrupts of equal or lower priority are inhibited. Note that a higher 
priority interrupt which occurs during an interrupt service routine, will only be 
acknowledged if the CPU has internally re-enabled the interrupts. 

Specific Rotation Mode: Specific Rotation allows the system software to 
re-assign priority levels by issuing a command which redefines the highest 
priority channel. 
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Table 1-14. 


Table 1-15, 


Table 1-16. 


Before Rotation 
Priority Lowest Highest 
6 5 4 3 2 1 0 
(specific rotation command issued with Channel 5 specified) 
After Rotation 
Priori 
Sites Lowest Highest 
5 4 3 2 1 9 7 6 


Automatic Rotation Mode: In applications where a number of equal 
priority peripherals are requesting interrupts, Automatic Rotation may be used 
to equalize the priority assignment. In this mode a peripheral, after being 
serviced, is assigned the lowest priority. All peripherals connected to the 
controller will be serviced at least once in 8 interrupt requests to the CPU from 
the controller. Automatic rotation will occur, it enabled, due to the occurrence 
of EOI (automatic or CPU generated). 


Before Rotation (IR4 is highest priority request being serviced) 


SR 87 6 85 iS4 iS3 2 1 So 
Sates, —_ —_<—— “oj 


Bit 0 1 0 I 0 0 f] 0 
Priority 
ature Lowest Highest 
7 6 B} 4 3 2 1 0 


ISR s7 sé ss s4 iS3 wS2 si ISO 
Status 
Bh SCO i 0 0 0 0 0 0 
Priority 
Stniae Lowest Highest 
4 3 2 I 0 7 6 5 
1.19 rrogramming ine interrupt Coniroiier 


initialization Command Words 


The initialization process consists of writing a sequence of 4 bytes to each 
interrupt controller. The initialization sequence is started by writing the first 
Initialization Command Word (CW1) to address 020H (OA0H) with a 1 on bit 4 
of the data byte. The interrupt controller interprets this as the start of the 
initialization sequence and does the following: 
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. Initialization Command Word Counter is reset to zero. 
. CW1 is latched into the device. 

Fixed Priority Mode is selected 

. IR7 is assigned the highest priority 

Interrupt Mask Register is cleared 

. Slave Mode Address is set to 7 

Special Mask Mode is disabled 

. IRR is selected for Status Read operations 


The next three I/O writes to address 021H (0A1H), will load ICW2-ICW4. See 
Figure 1-15 for a flow chart of the initialization sequence. The initialization 
sequence can be terminated at any point (all 4 bytes must be written for the 
controller to be properly initialized) by writing to address 020H (OAOH) with a6 


in data bit 4. Note, this causes OCW2Z or GCW3 to be written. 


oN A A fF YN 


Figure 1-15. Initialization Sequence 
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a 8 2 
Figure 1-16. | ICW1 - Address 020H (OAOH) Write Only Register 


Unused 
Single Mode 
Reserved 


Level Triggered Input 
Sequencce Initialization 


: Unused 


Single Mode: Bit I selects between Single Mode and Cascade Mode. Single 
Mode is used whenever only one interrupt controller NTC1) is used. Cascade 
Mode allows two interrupt controllers to be connected through IR2 of INTC1. 

INTC] allows INTC2 to generate its own interrupt vectors if Cascade Mode is | 


selected, and the highest priority interrupt request pending is from an INTC2 

input. INTC1 and INTC2 must be programmed for Cascade Mode for both 

devices to operate. | 
| 

Level Triggered Input: Bit 3 selects level or edge triggered inputs to the 

IRR. Ifa 1 is written to LTM, a “high” level on the IRR input generates an 


interrupt request. Interrupt requests must be active until the first INTA cycle is 
Started to generate the proper interrupt vector (an IR7 vector is generated if the : 
IRR input is deasserted early) and the interrupt request must be removed prior 
to EOI to prevent a second interrupt from occurring. 


Sequence Initialization: Bit 4 indicates to the interrupt controller that an 
Initialization Sequence is starting and must be a 1 to write ICW1. 


eae | 
Figure 1-17. ICW2 - Address 021H (OAIH) Write Only Register 3 


7 |B6 [Bs |B4 |B3 |B2 [31 [BO | | 


Unused | 


Interrupt Vector<3:7>: These bits are the upper 5 bits of the interrupt vector 
and are programmable by the CPU. The lower three bits of the vector are 
generated by the Priority Resolver during INTA (see Figure 1-18). INTC1 and 
INTC2 need not be programmed with the same value in ICW2. 
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Figure 1-18. 


Figure 1-19, 


Figure 1-20, 
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ICW3 Format for INTC1 - Address 021H Write Only Register 


[57 |B6 |ps |p4 |p3 |22 [1 [Bo | 


Slave Mode Selector 


Slave Mode Selector <0:7>: Select which IR inputs have Slave Mode 
controllers connected. ICW3 in INTC1 must be written with a 04H for INTC2 
to function. 


ICW3 Format for INTC2 - Address QALH 


[7 [ps [ps |e4 [ps [e2[ei [po] 
gave Mode Address ID 
= | 
IDO-ID2: Determine the Slave Mode address the controllers will respond to | 


during the cascaded INTA sequence. ICW3 in INTC2 should be written with a 
02H for cascade Mode operation. Note, bits <3:7> should be zeros. 


ICW4 for INTC2 - Address OAIH Write Only Register 


Tht Le 


Unused 
t eee End of Interrupt 


| eee 
-Enable Multiple Interrupts 


| a Se 
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Figure 1-21, 


Auto End Of Interrupt: Auto End Of Intermupt is enabled when ICW4 is 
written with a zero in bit 1. The interrupt controller performs a non-specific 
EOI on the trailing edge of the second INTA cycle. Note, this function should 
not be used in a device with fully nested interrupts unless the device is a cascade 
Master. 


Enable Multiple Interrupts: Bit 4 enables the Enable Multiple Interrupts 
from the same channel in fixed Priority Mode. This allows INTC2 to fully nest 
interrupts, when Cascade Mode and Fixed Priority Mode are both selected, 
without being blocked by INTC1. Correct handling of this mode requires the 
CPU to issue a non-specific EOI command to INTC2 and check its In-Service 
Register for zero, when exiting an interrupt service routine. If zero, a 
non-specific EOI command should be sent to INTC1. If non-zero, no command 
is issued. 


Operational Command Words 


Operational Command Word 1 (OCW1) is located at address 021h (OA.1h) and 
may be written any time the controller is in Initialization Mode. Operational 
Command Words 2 and 3 (OC W2, OC W3) are located at address 020H (OA0H). 
Writing to address 020H (OAOH) with a 0 in bit 4 places the controller in 
operational mode and loads OCW2 (if data bit 3 = 0), or OCW3 (if data 

bit 3 = 1). 


OCW!I - Address 021H (OAIH) Read/Write Register 


[37 |B6 [ps |p4 | 3 |B2 |i [Bo | 


Interrupt Mask State 


Interrupt Mask State<0:7»: These bits control the state of the Interrupt 
Mask Register. Each Interrupt Request can be masked by writing a 1 in the 
appropriate bit position (MO controls IRO etc.). Setting an IMR bit has no affect 
on lower priority requests. All IMR bits are cleared by writing ICW1. 
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Figure 1-22. OCW2 -Address 020H (OAOH) Read/Write Register 


Control Word Select 
Select Initialization 
End of Interrupt 
Select Level 

Rotate 


interrupt Level Select<0:2>: These three bits are internally decoded to 
select which interrupt channel is to be affected by the Specific command. 
L<0:2> must be valid during three of the four specific cycles (see Select Level 
below). 


Control Word Select: If the I/O write places a 0 in bit 4 (Select 
Initialization), then writing a 0 in bit 3 (Contrel Word Select) selects OCW2 and 
writing a 1 selects OCW3. 


Select initialization: Writing a 0 in this bit position takes the interrupt 
controller out of initialize mode and writes OCW2 or OCW3. 


End of Interrupt: This bit, in conjunction with the Rotate and End of 
Interrupt, selects the operational function. Writing a I in this bit position causes 
a function related to End of Interrupt to occur. 


Rotate Select Level Endofinterrupt Function 


o t) 1 Non-specific End of Interrupt Command 

Oo 1 1 Specific End of Interrupt Command 

1 0 1 Rotate on non-specific End of interrupt 
dd Rotate on epecific End of Interrupt 


Select Level: This bit, in conjunction with Rotate and End of Interrupt, 
selects operational function. Writing a 1 in this bit position causes a specific or 
immediate function to occur. All specific commands require the Interrupt 
Channel Select 2-0 to be valid, except “No Operation.” 


Rotate Select Level Endofinterrupt Function 


it) 1 tS] No operation 

0 1 1 Specific End of Interrupt Command : 
1 1 i] Specific Rotate Command 

} 1 1 Rotate on Specific End of Interrupt 


Rotate: This bit, in conjunction with Select Level and End of Interrupt, selects 
operational function. Writing a 1 in bit 7 causes one of the rotate functions to be 


selected, 
Rotate Select Level Endofinterrupt Function 
1 (t] tt] Rotate on auto EOI enable* 
1 0 1 Rotate on non: ific EOI 
1 1 it] Specific Rotate Command 
1 1 3 Rotate on ific EOL 
* This function is dissbled by writing a zero wo all three bit positions. 
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ers 
Figure 1-23. OCW3- Address 020H (OAOH) Write Only Register 


[37 {6 [ps [ps [3 |p2 [pi |B0 | 


Control Ward Select 
| Select Initialization 
Special Mask Mode 
Enable Special Mask Mode 
: 0 


Register Select: This bit selects between the Interrupt Request Register and 
the In-Service Register during Status Read operations if Register Enable = 1. 


Register Enable: When the Register Enable bit (bit 1) is 1, reading the Status 
Port at address 020H (OA0H) causes the contents of Interrupt Request Register 
or In-Service Register (determined by Register Select) to be placed on 

oa XD7-XDO. Asserting Polled Mode forces Register Enable to reset. 


Polled Mode: Polled Mode is enabled by writing a E to bit 2 of -OCW 
causing the IPC to perform the equivalent of an INTA cycle during the next I/O 
read operation to the controller. The byte read during this cycle will have bit 7 
set if an interrupt is pending. If bit 7 of the byte is set, the level of the highest 
pending request will be encoded on bits 2-0. The intezrupt Request Register 
remains frozen until the read cycle is completed; at which time the Polled Mode 
bit is reset. 

Control! Word Select: If the I/O write places a 0 in bit 4 (Select 
Initialization), then writing a 0 in bit 3 (Control Word Select) selects OCW2 and 
writing a 1 selects OCW3. 


Select initialization: Writing a 0 in this bit position takes the interrupt 
controller out of initialize mode and writes OCW2 or OCW3. 


Special Mask: If Enable Special Mask Mode and Special Mask Mode are 
written with a 1, the Special Mask Mode is enabled. Writing a I to Enable 
Special Mask Mode, and a 0 to Special Mask Mode, disables Special Mask 
Mode. During Special Mask Mode, writing a | to any bit position inhibits 
interrupts and a 0 enables interrupts on the associated channel by causing the 
Priority Resolver to ignore the condition for the In-Service Register, 
Enable Special Mask Mode: Writing a 1 in this bit position enables the 


ese has: ~— € /O WP bs ae TN 
Set/Reset Special Mask Mode function controlled by bit 5 (Special Mask Mode). 


Enable Special Mask Mode allows the other functions in OCW3 to be accessed 
and manipulated without affecting the Special Mask Mode state, 


1.20 Counter/Timer Functional Description 


‘The Counter/Timer (CTC) in the 820356 is general purpose, and can be used to 
generate accurate time delays under software control. The CTC contains 3 
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16-bit counters (Counter 0-3) which can be programmed to count in binary or 
binary coded decimal (BCD). Each counter operates independently of the other 
two and can be programmed for operation as a timer or a counter. 


All three of the counters shown in Figure 1-24 are controlled from a common set 
of control logic. The Control Logic decodes control information written to the 
CTC and provides the controls necessary to load, read configure and control 
each counter. Counters 0 and 1 can be programmed for all six modes, but 
Modes i and 5 have limited usefuiness due to the lack of an externai hardware 
trigger signal. Counter 2 can be operated in any of the six modes listed as 
foliows: 


ModeQ ~ Interrupt on terminal count 

Mode 1 Hardware retiggerable one-shot 

Mode 2 Rate generator 

Mode 3 Square wave generator 

Mode 4 Software triggered strobe 

Mode 5 Hardware retiggerable strobe 

Counter!Timer Block Timer - 


All three counters in the CTC are driven from a common clock input pin 
TMRCLK which is independent from other clock inputs to the IPC. Counter 0’s 
output (Out 0) is connected to IRO of INTC] (see Section 1.15 Interrupt 
Controller Functional Description), and may be used as an interrupt to the 
system for time keeping and task switching. Counter 1 may be programmed to 
generate pulses or square waves for use by external devices. The third counter, 
Counter 2, is a full function Counter/Timer. This channel can be used as an 
interval timer, a counter, or as a gated rate/pulse generator. 
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Each counter in the CTC contains a Control Register, a Status Register, a 16-bit 
Counting Element (CE), a pair of 8-bit Counter Input Latches (CIL,CIH), and a 
pair of 8-bit Counter Output Latches (COL, COH). Each counter also has a 

for controlling the counter (only GATE2 is externally accessible), and an OUT 
signal (OUT 0 is not externally accessible). The OUT signal state and function 
are controlied by the Counter Mode and condition of the CE. 
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Table 1-18. 


Figure 1-25, 
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The Control Register stores the mode and command information used to control 
the counter. The Control Register may be loaded by writing a byte, containing a 
pointer to the desired counter, to the Write Control Word address {043H). The 
remaining bits in the byte contain the mode, the type of command, and count 
format information. 


The Status Register allows the software to monitor counter condition and read 
back the contents of the Contro! Register. 


The Counting Element (CE) is a loadable 16-bit synchronous down counter, CE 
is loaded or decremented on the falling edge of TMRCLK. CE contains the 
maximum count when a 0 is loaded; which is equivalent to 65536 in binary 
operation or 10000 in BCD. CE does not stop when it reaches 0. In Modes 2 
and 3, the CE is reloaded and in all other modes it wraps around to FFFFH in 
binary operation or 9999 in BCD. CE is indirectly ioaded by writing one or two 
bytes (optional) to the Counter Input Latches, which are, in turn, loaded into the 
CE, This allows CE to be loaded or reloaded in one TMRCLK cycle. 


The Counter Output Laiches (COL, COM) are transparent iatches which can be 
tead while transparent or latched (see Section 1.21 Counter Description, 
subsection titled Latch Counter Command). 


1.22 Programming the CTC 


After power-Up the condition of CTC Control Registers, counter registers, CE 
and the output of all counters is undefined. Each counter must be programmed 


hefnre it can ha he nsed, 
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Counters are programmed by writing a Control Word and then an initial count. 
The Control Register of a counter is written by writing to the Control Word 
address (see Figure 1-24). The Control Word is a write only location. 


Counter {Timer Address Map 
Address Function 
040H Counter 0 Read/Write. = 
041H Counter 1 Read/Write 
042H Counter 2 Read/Write 
043H Counter Register Write Only 


Function Select 
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Binary Coded Decimal: Bit 0 selects binary coded decimal counting format 
during Read/Write Counter Commands. When bit 0 is 0, then it is a binary 
count and when bit 0 is set to 1, it is a BCD count. Note, during Read-Back 
Command this bit must be 0. 


Counter Mode<0:2>: Bits 1-3 determine the counter’s mode during 
Read/Write Counter Commands (see Read/Write Counter Command) or select 
the counter during a read-back command (see Read-Back Command). Bits 1-3 
become “don’t care” during Latch Counter Commands. 

Function Select <0:3»: Bits 4-7 determine the command to be performed as 
shown in the following table. 


@e 
Control Word 043H Bits 4-7 
a aes ST a eA EY 
F3 F2 | FO Command 
i] 0 0 0 Latch Counter 0 (see Counter Latch Command) 
0 0 iY) 1 Read/Write Counter 0 LSB only 
iy 0 1 0 Read/Write Counter 0 MSB only : 
oO 0 I 1 Read/Write Counter 0 LSB then MSB 
0 1 0 0 Latch Counter 1 (see Counter Latch Command) : 
0 1 oO 1 Read/Write Counter 1 LSB only ; 
i] 1 1 Q Read/Write Counter 1 MSB only 
0 1 1 1 Read/Write Counter 1 LSB then MSB 
1 0 0 0 Latch Counter 2 (see Counter Latch Command) 2 
1 i] i?) 1 Read/Write Counter 2 LSB only e 
i 0 1 0 Read/Write Counter 2 MSB only ; 
1 o 1 1 Read/Write Counter 2 LSB then MSB 7 
1 I x X ©” Read-Back Command (see Counter Read-Back 
Command) 


MSB = most significant byte 
LSB = least siginificant byte 


Read/Write Counter Command 

When writing to a counter, two conventions must be observed: 

1, Each counters Controt Word must be written before the initial count is 
written. 

2. Writing the initial count must follow the format specified in the Contral 
Word (least significant byte only, most significant byte only, or least 
significant byte and then most significant byte). 


A new initial count can be written into the counter at any time after 
programming without rewriting the Control Word oe the a emai 
format is observed. 
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Table 1-20. 


Figure 1-26. 


During READ/Write Counter Commands M<0:2> are defined as follows: 
M<0:2> Counter Command 


M2 M1 MO = Function 


0 0 0 Select Mode 0 
0 0 1 Select Mode 1 
x 1 0 Select Mode 2 
x 1 I Select Mode 3 
i i 0 Select Mode 4 
i 1 I Select Mode 5 = 
Latch Counter Command 


When a Latch Counter Command is issued, the counter’s output latches COL 
and COH, latch the current state of the CE. COL and COH remain latched until 
tead by the CPU, or the counter is reprogrammed. The output latches then 
return to a “transparent” condition. In this condition, the latches are enabled and 
the contents of the CE may be read directly. 


Latch Counter Commands may be issued to more than one counter before 
reading the first counter to which the command is issued. Also, multiple Latch 
Counter Commands issued to the same counter without reading the counter 
causes all but the first command to be ignored. 


Daed_Garl fLammand 
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The Read-Back Command allows the user to check the count value, Mode and 
state of the OUT signal and Null Count Flag of the selected counter(s). The 
format of the Read-Back Command is as follows: 


Control Word - (043H) Write Only Register 


Latch Stame 


| | a 


Counter Latch Enable <0:2>; Writing a 1 in bit 3 causes Counter 3 to latch 
one or both of the registers specified by LC and LS. The same is true for bits 2 
and 1 except that they enable Counters 1 and 0, respectively. 


Each counter’s latch remains latched until either the Latch is read, or the counter 
isreprogrammed. 


PRELIMINARY CHIPS and Technologies, inc. 


CHIPS and Technologies, Inc. 


Figure 1-27. 
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if Latch Status = Latch Count = 0, status will be returned on the next read from 
the counter. The next one or two reads (depending on whether the counter is 
programmed to transfer one or two bytes) from the counter result in the count 
being returmed. : 

Latch Status: Writing a0 in bit 4 causes the selected counter(s) to latch the 
current condition of it’s Control Register, Nuli Count and Output into the Status 
Register. The next read of the Counter results in the contents of the Status 
Register being read (see Status Read). 

Latch Count: Writing a0 in bit 5 causes the selected counter(s) to latch the 
State of the CE in COL and COH. 


Status Byte 


Th Les 


L—______ Binary Coded Decimal 
Mode Counter 
Function Status 
ea Count 


Binary Coded Decimal: Bit 0 indicates the CE is operating in BCD format. 


Mode Counter <1:2>: These bits reflect the mode of the counter and are 
interpreted in the same manner as in Write Command operations. 


Function Status<0:1>: Bits 4 and 5 contain the FO and F1 Command dits 
which were written to the Command Register of the counter during 
initialization. This information is useful in determining whether the high byte, 
low byte, or both must be transferred during counter read/write operations. 


Nuii Count: Bit 6 contains the condition of the Null count Flag. This flag is 
used to indicate that the contents of the CE are valid. NC will be set to a 1 
during a write to the Control Register or the counter. NC is cleared to a 0 
whenever the counter is loaded from the counter input registers. 


OUT: Bit 7 contains the state of the OUT signal of the counter. 


Counter Operation 


Due to the previously stated restrictions in Counter 0 and Counter 1, Counter Z 
will be used as the example in describing counter operation, but the description 
of Mode 0, 2,3 and 4 is relevant to all counters. F, 


The following terms are defined for describing CTC operation: 


TMRCLK Pulse: A rising edge followed by a falling edge of the IPC 
TMRCLK input, 


Trigger: The rising edge of the GATEZ2 input. 
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Counter Load: The transfer of the 16-bit value in CIL and CTH to the CE. 
initialized: A Control Word written and the Counter Input Latches loaded. 
Counter 2 operates in one of the following modes. 


* Mode 0 - Interrupt on Terminal Count 


Writing the Control Word causes OUTZ to go low and remain low until the CE 
reaches 0, at which time it returns high and remains high until a new count or 
Control Word is written. Counting is enabled when GATE2 = 1. Disabling the 
count has no effect on OUT2. 


The CE is loaded with the first TMRCLK pulse after the Control Word and 
initial count is loaded. When both CIL and CTH are written, the CE is loaded 
after CIH is written (see Write Operations). This TMRCLK pulse does not 
decrement the count, so for an initial count of N, OUT2 doesn't go high until 
N+1 TMRCLK pulses after initialization. Writing a new initial count to the 
counter reloads the CE on the TMRCLK pulse and counting continues from the 
new count. 


If an initial count is written with GATE2 = 0, it is still loaded on the next 
TMRCLK pulse, but counting does not begin until GATE2 = 1. Out2 therefore, 
goes high N TMRCLK pulses after GATE2 = 1. 


* Mode 1 - Hardware Retriggerable One-Shot 


Writing the Control Word causes OUT2 to go high initially, Once initialized, 
the counter is armed and a trigger causes OUT2 to go low on the next TMRCLK 
pulse. OUT2 then remains low until the counter reaches 0. An initial count of 
N results in a one-shot pulse N TMRCLK cycles Iong. 


Any subsequent triggers while OUTZ is Jow causes the CE to be reloaded, 
extending the length of the pulse. Writing a new count to CIL and CIH does not 
affect the current one-shot unless the counter is retiggered. 


* Mode 2 - Rate Generator 


Mode 2 functions as a divide-by-N counter, with OUT2 as the carry. Writing 
the Control Word during initialization sets OUT2 high. 


When the initial count is decremented to 1, OUT2 goes low on the next 
TMRCLE nulcse, The follawine TMRCLE nulee returns OUIT hich relnade 
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the CE, and the process is repeated. In Mode 2, the counter continues counting 
(if GATE2 = 1) and generates an OUT2 pulse every NTMRCLK cycles. Note 
that a count of 1 is illegal in Mode2. 

Gaie2 = 0 disabies counting and forces OUTZ high immediately. A trigger 
reloads the CE on the TMRCLK pulse. Thus, GATE2 can be used to 
synchronize the counter to external events. 


Writing a new count while counting does not affect current operation unless a 
trigger is received. Otherwise, the new count is loaded at the end of the current 
counting cycle. 
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* Mode 3 - Square Wave Generator 


Mode 3 is similar to Mode 2 in every respect except for the duty cycle of OUT2, 
OUT? is set high initially and remains high for the first half of the count. When 
the first half of the initial count expires, OUT2 goes low for the remainder of the 
count. 


If the counter is loaded with an even count, the duty cycle of OUT2 will be 50% 
(high = low = N/2). For odd count values, OUTZ2 is high one TMRCLK cycle 
longer than it is low. Therefore, high = (N+1)/2 and low = (N-1)/2. 


* Mode 4 - Software Triggered Strobe 


Writing the Control Word causes OUT2 to go high initially. Expiration of the 
initial count causes OUT2 to go low for one TMRCLK cycle. GATE2 = 0 
disables counting but has no effect on OUT2. Also, a trigger will not reload the 
CE. 


The counting sequence is started by writing the initial count. The CE is loaded 


on the TMRCLK pulse after initialization. The CE begins decrementing one 
TMRCLK pulse later. OUT2 will go low for one TMRCLK cycle, (N+1) cycles 


~ after the initial count is written. 


If a new initial count is written during a counting sequence, it is loaded into the 
CE on the next TMRCLK pulse and the sequence continues from th new count. 
This allows the sequence to be “retiggerable” by software. 


* Mode 5 - Hardware Triggered Strobe 


Writing the Control Word causes OUT2 to go high initially. Counting is started 
by trigger. The expiration of the initial count causes OUTZ to go low for one 
TMRCLK cycle. GATE 2 = 0 disables counting. 


CE is loaded during counting, the current counting sequence will not be affected 
unless a trigger occurs, A trigger causes the counter to be reloaded from CIL 
and CIH, making the counter “retiggerable™. 


* Gate2 


In Modes 0, 2, 3, and 4, GATE2 is level sensitive and is sampled on the rising 
edge of TMRCLK. In Modes 1, 2, 3, and § the GATE2 input is rising-edge 
sensitive. This rising edge sets an internal flip-flop whose output is sampled on 
the next rising edge of TMRCLK, The flip-flop resets immediately after being 
sampled. Note that in Modes 2 and 3, the GATE2 input is both edge and level 
sensitive. Table 1-22 summerizes the gate functions for all modes. 


PRELIMINARY 157 


ME 356 Functional Description 


158 


Table 1-21. 


GATE Pin Function 


Mode Condition 


1.23 Real Time Clock Functional Description 


This section of the 82C356 combines a complete time-of-day clock with alarm, 
one hundred year calendar, a programmable period interrupt, and 114 bytes of 
low power static RAM. Provisions are made to enable the device to operate ina 
low power (battery powered) mode and protect the contents of both the RAM 
and clock during system power-up and power-down. 


Register Access 


Reading and writing to the 128 locations in the Real Time Clock is 
accomplished by first placing the Index Address of the location you wish to 
access on the data input pins XDO0-XD6. The Index Address Register is then 
used as a pointer to the specific byte in the Real Time Clock, which may be read 


wee ecsetetan tr beer necnetineg FAYD ne THES eetth ne ntAdeane am she U A fet Imnmcen 
Ul Wii Ws UY adoe1uig “EUAN UI M1 TF Wii afi 2G07SSS Gii is KA<O: am Ll 


of 071H. 


Address Map 


Table 1-22 illustrates the internal register/RAM organization of the Real Time 
Clock portion of the 82C356. The 128 addressable locations in the Real Time 
Clock are divided into 10 bytes which normally contains the time, calendar and 
alarm data, four contro! and status bytes and 114 general purpose RAM bytes. 
All 128 bytes are readable by the CPU. The CPU may also write to all locations 
except Registers C, D, Bit 7 of Register A and Bit 7 of the Seconds Byte which 
is always 0. 
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Table 1-22. Address Map for Real Time Clock 


index Function 
——— -0___ Seconds ree 
o1 Seconds Alarm 
22 Minutes ae 
63 Minutes Alarm 
EU nn, Sey eS = 
aa OS oars Alarm 
06 Day of the Week a 


g 


Month 


slg 
bo 
R 


oD Register D 
OE User RAM e 
OF UserRAM 
TE UserRAM a _ 
TF UserRAM 


Time Calender and Alarm Bytes 


The CPU can obtain the time and calendar information by reading the 
appropriate locations in the Real Time Clock. Initialization of the time, 
calendar and alarm information is accomplished by writing to these locations. 
Information is stored in these locations in binary-coded decimal (BCD) format. 


The SET bit should then be cleared to allow updates. Once initialized and 
enabled, the Real Time Clock will perform Clock/Calendar updates at a 1 Hz 
rate. 


Table 1-23 shows the format for the ten clock, calendar and alarm locations. 
The 24/12 bit Register determines whether the hour locations will be updated 
using a 1-12 or 0-23 format. After initialization the 24/12 bit cannot be changed 
without reinitializing the hour locations. In 12 hour format the high order bit of 
the hours byte in both the time and alarm bytes will indicate PM when it is a 1. 


During updates, which occur once per second, the 10 bytes of time, calendar and 
alarm information are unavailable to be read or written by the CPU for a period 
of 2ms. These 10 locations cannot be written during this time. Information read 
while the Real Time Clock is performing updies will be undefined. The 

Update Cycle section shows how to avoid Update Cycle ACPU contention 
problems. 


The alarm bytes can be programmed to generate an interrupt at a specific time or 
they can be programmed to generate a periodic interrupt. To generate an 
interrupt at a specific time, the user need only program the time that the 
interrupt is to occur into the 3 alarm bytes. Alternately, a periodic interrupt can 
be generated by setting the high order two bits in an alarm register to a 1, which 
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Table 1-23. 


turns that byte into a “don’t care.” For instance, an interrupt can be generated 
once a second by programming the same value into all three alarm registers. 


Real Time Clock Address Map 
mdex Funciion BCD Range 
Register 
Address 
i] Seconds 00-59 
1 Seconds Alarm 00-59 
2 Minotes 00-59 
3 Minutes Alarm 00-59 
Hours 01-12 (AM) 
(12 hour mode) $1-92 (PM) 
4 ad 
Hous 00-23 
(24 hour mode) 
Hours Alarm 01-12 (AM) 
(12 hour mode) 81-92 PM) 
ace ee Re ae SO a ae ce 
(24 hour mode) 
6 Day of the Week 01-07 x 
7 Day of the Month 01-31 
8 Month O1-12 
9 Year 00-99 
Static RAM 


The 114 bytes of RAM from Index Address OEH to 7FH are not affected by the 
Real Time Clock. These bytes are accessible during the update cycle and may 
be used for whatever the designer wishes. Typical applications will use this as 
non-volatile storage for configuration and calibration parameters since this 
device is normally battery powered when the system is tured off. 
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Control and Status Registers 


The IPC contains four registers used to control the operation and monitor the 
Status of the Real Time Clock. These Registers are located at Index Address 
OAH-ODH and are accessible by the CPU at all times. 


Figure 1-28. Register A (OAH) Read/Write Register Except Update in Progress 


eae Interrupt Rate 


+ Divider/Prescaler 


‘Update in Progress 


Periodic Interrupt Rate <0:3>: These four bits control the Periodic 
Interrupt rate. The Periodic internupt is derived from the Divider/Prescaler in 
the Real Time Clock and is separate from the Alarm Interrupt. Both the alarm 
and periodic interrupts do however, use the same interrupt channel in the 
Interrupt Controller. Use of the Periodic Interrupt allows the generation of 
interrupts at rates higher than once per second. Tabie 1-24 shows the interrupt 
tates for which the Real Time Clock can be programmed. 


Divider/Prescaler <0:2>: These three bits are used to control the 
Divider/Prescaler on the Real Time clock. While the IPC can operate at 
frequencies higher than 32.768 Khz, this is not recommended for battery 
powered operation due to the increased power consumption at these higher 
frequencies. 


Update in Progress: Update in progress flag is a status bit used to indicate 
when an update cycle is about to take place. A 1 indicates that an update cycle is 
taking place or is imminent. UIP will go active (High) 244us prior to the start of 
an update cycle and will remain active for an additional 2ms while the update is 
taking place. The UIP bit is read only and is not affected by Reset. Writing a 1 
to the SET bit in register B will clear the UIP status bit. 
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Figure 1-29. 


Periodic Interrupt 
. Rate Selection Tine Baze 
pyri 

RS3. RS2 ASI ASO spied ph ease paiadanes 
0 0 f) i] None None 
0 o i] ! 90,517 ne 3.90526 ms 
a 0 1 Ca] 61.035 ps 7.8125 ms 
0 a 1 1 123.070 us 122.070 us 
0 1 o 0 244.141 ps 244,141 ps 
6 1 0 I 488.281 ps 488.281 ps 
Q i i 0 976.562 ps S76 S62 fis 
0 1 1 I 1.953125 ms 1.953125 ms 
1 0 0 it) 3.90625 ms 3.90625 ms 
1 o 0 I 7.8125 ms 7.8125 ms 
1 0 i i?) 15.625 ms 15.625 ms 
i 6 i i 31.25 ms 31.25 ms 
1 1 0 0 62.5ms 62.5 mr 
1 I 0 1 125 ms 125 ms 
1 1 1 0 250 ms 250 mr 
1 1 1 1 500 ms $00 mr 


Register B (OBH) Read/Write Register 


Daylight Savings Time 


Periodic Interrupt Enable 
Update Cycle Enable 


Daylight Savings Time: The Real Time Clock can be instructed to handle 
daylight savings time changes by setting this bitto a 1. This enables two 


arcentinne tn the normal Hime 


DCACUPOURS 0 Gat aUiiiias uni’ keeping Ssequcnce 10 OCCUE GT ine asi sliday ul 
April AM. Setting this bit to a 0 disables the execution of these two exceptions. 
-PSRSTC has no affect on this bit. 
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Hours Format: This control bit is used to establish the format of both the 
Hours and Hours Alarm bytes. If this bit is a 1, the Real Time Clock will 
interpret and update the information in these two bytes using the 24 hour mode. 
This bit can be read or written by the CPU and is not affected by Reset. 


Update Interrupt Enable: Update-ended Interrupt Enable bit is a read/write 
bit which enables the Update-ended Interrupt Flag (UF) bit in Register C to 
assert IRQ. The Update-ended Interrupt Enable is cleared by RESET or by 
setting the Update Cycle Enable bit. 
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Alarm Generation: The generation of alarm interrupts is enabled by setting 


‘this bit to a 1. Once this bit is enabled the Real Time Clock will generate an 


alarm whenever a match occurs between the programmed alarm and clock 
information. If the don’t care condition is programmed into one or more of the 
Alarm Registers, this enables the generation of periodic interrupts at rates of one 
second or greater. This bit is cleared by Reset. 


Periodic Interrupt Enable: The Periodic Interrupt Enable Bit controls the 
generation of interrupts based on the vaiue programmed into the RS3-RSO bits 
of Register A. This allows the user to disable this function without affecting the 
programmed rate. Writing a 1 to this bit enables the generation of periodic 
interrupts. This bit is cleared to a 0 by Reset. 

Update Cycle Enable: Writing a0 to this bit enables the Update Cycle and 
allows the Real Time Clock to function normally. When set to a 1, the Update 
Cycle is inhibited and any cycle in progress is aborted. This bit is not affected 
by the RESET input pin. 


Register C (OCH) Read Only Register 


Update-ended Flag: Update-ended Interrupt Flag bit is set after each update 
cycle. When the Update-ended Interrupt Enable bit is a I, the 1 in Update-ended 
Interrupt Flag (UF) causes the IROF bit to be a 1, asserting IRQ. The 
Update-ended Interrupt Flag (UF) is cleared by a Register C read or a RESET. 


Alarm Flag: A 1 appears in the AF bit when ever a match has occurred 
between the time register and alarm registers during an update cycle. This flag 
is also independent of it’s enable (AIE) and will generate an interrupt if ATE is 
true. 


Periodic interrupt Flag: The Period Interrupt Flag is set to a 1 when a 
transition, which is selected by RS3-RSO, occurs in the divider chain. This bit 
will become active, independent of the condition of the PIE control bit. The PF 
bit will then generate an interrupt and set IROF if PIE i isa l. 


interrupt Request Flag: The Interrupt Request Flag is set toa 1 when any of 
the conditions which can cause an interrupt are true and the interrupt enable for 
that condition is true. The condition which causes this bit. to be set, also 
generates an interrupt. The logic expression for this flag is: 


IRQF=PF & PIE 
+ AT & AIE a 
+ UF & UIE 
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This bit and all other active bits in this register are cleared by reading the 
register or by activating the PSRSTBAnput pin. Writing to this register has no 
affect on the contents. 


Valid RAM and Time Bit: The Valid RAM and Time Bit indicates the 


condition of the contents of the Real Time Clock. This bit is cleared to a0 
whenever the PS input pin is LOW. This pin is normally derived from the 


aaa 
Figure1-31. Register B (OBH) Read/Write Register 
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Valid RAM and Time Bit 


power supply which supplies Vcc to the device and will allow the user to 
determine whether the registers have been initialized since power was applied to 
the device. PSRSTB has no effect on this bit and it can only be set by reading 
Register D. All unused register bits will be a 0 when read and are not writeable. 


Update Cycle 


During normal operation the Real Time Clock will perform an update cycle 
once every second. The performance of an update cycle is contingent upon the 
divider bits Divider/Prescaler<0:2> not being cleared, and the SET bit in 
Register B cleared. The function of the update cycle is to increment the 
clock/calendar registers and compare them to the Alarm Registers. If a match 
occurs between the two sets of registers, an alarm is issued and an interrupt will 
be issued if the alarm and interrupt control bits are enabled. 


During the time that an update is taking place, the lower 10 registers are 
unavailable to the CPU. This is done to prevent the possible corruption of data 
in the registers or reading invalid data. To avoid contention problems between 
the Real Time Clock and the CPU, a flag is provided in Register A to alert the 
user of an impending update cycle. This Update In Process Bit (UIP) is asserted 
244us before the actual start of the cycle and is maintained until the cycle is 
complete. Once the cycle is complete the UIP bit will be cleared and the Update 
Flag (UF) in Register C will be set. Figure 1-32 illustrates the update cycle. 
CPU access is always allowed to Register A through D during update cycles. 
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Update Cycle 


Registers 0-9 are unavailable to be read or written during this time. UF bit is 
cleared by the CPU read of register C. 


Two methods for reading and writing to the Real Time Clock are recommended. 
Both of these methods allows the user to avoid contention between the CPU and 
the Real Time Clock for access to the time and date information. 


The first method is to read Register A, determine the state of the UIP bit and, if 
it is 0, perform the read or write operation. For this method to work 
successfully, the entire read or write operation (including any interrupt service 


“routines which might occur) must not require longer than 244us to complete 


from the beginning of the read of Register A to the completion of the last read or 
write operation to the Clock Calendar Registers. 


The second method of accessing the lower 10 registers is to read Register C 
once and disregard the contents, then subsequently continue reading this register 
until the UF bit is a 1. This bit becomes true immediately after an update has 
been completed. The user then has until the start of the next update cycle to 
complete a read or write operation. 


Power-Up/Down 


Most applications require the Real Time Clock to remain active whenever the 
system power is turned off. To accomplish this, the user must provide an 
alternate source of power to the IPC. This alternate source of power is normally 
provided by connecting a battery to the Vcc supply pin of the device. A means 
should be provided to switch from the system power supply to the battery. A 
circuit, such as the one shown in Figure 1-33, may be used to eliminaite power 
drain on the battery when the entire IPC is active. The circuit shown here 
allows for reliable transitions between system and battery power without undue 
battery power drain. 
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Section 2 


356 Configuration Registers 


2.1 Index Registers 


RTC, NMI & Coprocessor Reset Register (READ/WRITE) 
Index Register Address: 022H 
Data Register Address: 023H 


Index Bits Values and Functions 
26H 7 Real Time Clock selection. 


(0); Selects intemal RTC. 
1: Selects extemal RTC. 


pect het cht ya cs ele 
5 Power Fail waming active during last NMI(R/O). 


(0): Power Fail waming pin not active. 
1; Power Fail waming pir was active. 


4 Power Fail Waming Enable. 


(0): PCU NMI disabled, ~ 


1: PCU NMI enabled. 
3 PCU NMI active level. 


(0): PCU NMI disabled. a Ws eee 


werery ee ee 


i: PCU NMI enabied. 


2 Reserved (default = 0) (see 820352 CPU!Cache!DRAM! 
Controller, Section 2: 351 Configuration Registers). 
1 Extended JO Decode Enable. 


(0): Disable extended VO decode. 


1; Ensble extended YO decode. 


Q Reserved (defauk = 0) aa . 
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=e 
index 01H 


Configuration Register (READ/WRITE) 


index Bits Values and Functions 
01H 716 Read/Write Cycle Wait States, 
00: 1 Wait State, 
01: 2 Wait States. 
10: 3 Wait States. 
i a = We Se =e 
—— S46 it DMA Cycle Wait States, 
(00): 1 Wait State. 
O1: 2 Wait States. 
10; 3 Wait States. 
113: 4 Wait States. 
3:2 8-bit DMA Cycle Wait States. 


(00): 1 Wait Src. 


Nii: 2 Wart Sretee 


Mhe a vr mee eee 


10: 3 Wait States. 
11: 4 Wait States. 


1 Extended DMA Memory Read enable. 


i] DMA source clock. 
(0): DMA Clock is equal to BUSCLK. 
1: DMA Clock is equal to BUSCLK. 


2.2 I/O Port Registers 


Grae 
VO Port 00H DMAI Channel 0 Address Register (READ/WRITE/FLIP-FLOP) 


Addr Bits -+0R 40W FF Values and Functions 
‘ OOH 7:0 G 1 0 Read current low byte address. 
a 1 1 Baad current hich bure adirace 
0 t i Read current high byte address. 
1 0 ce] Write bese & current low byte address. 
I 0 1 Write base & current high byte address. 


Addr Bits 408 40W FF Yalues and Functions 

01H TQ Qa 1 9 Read current word count low byte. 
Q 1 I Read current word count high byte. 
1 0 oO Write base & current word count low byte. 
1 0 i Write base & carrent word count hig h byte. 
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VO Port OAH DMAI Single Bit Request Mask Register (WRITE ONLY) 
Bits Vajues and Functions 
OAH 73 : Don’t Cares. 
2 Mask bit. 
(O): Clear Mask bit 
1: Set Mask bit se : ; 
1:0 DMA Channel Mask bit Sciection. 


Eas 
VO Port OBH 


(00): DMA Caznnel 0 ; 
01: DMA Channel 1 


10: DMA Channel 2 
11: DMA Channel 3 


DMAI Mode Register (READ [WRITE) 


Bits Values and Functions 
0BH 76 ~__ Channel Mode type 

(00): Demand Mode 
01: Single Cycle Mode 
10: Block Mode 
11; Cascade Mode 

§ Address counting direction. 
(0): Increment address 
1: Decrement address ; 


A Auto-initelizarion enshle, 
: Auto-initialization function disable 
1: Auto-initialization function enable 
3:2 of transfer. 


(00): Verify transfer - 


Ot. Wee 
Uie Weiite tansier 


10: Read transfer 
11: Dlegal 
1:0 DMA Channel Mode Selection. 


(00): DMA ChannelO_- Oo cons 


Oj: DMA Channel i 
10; DMA Channel 2 
11: DMA Channel 3 


VO PortOCH DMAI Set Byte Pointer Flip-Flop (READ ONLY) 


Bits Values and Functions 


0CH 70 Bits 7:0 are don't cares. frodlar ar Pointer Flop 
command is activated as a result fe ates goal 
~ the assertion of -IOR. This command allows the CPU to adjust 
the pointer to the high of an address or word count register, 


Saas 
VO Port OCH DMAI Clear Byte Pointer Flip-Flop (WRITE ONLY) 


Bits Values and Functions 
OCH 70 Bits 7:0 are don’: cares. The Clear Byte Pointer Flip-Flop Clear 
command is activated as 2 result of the address access and 


the assertion of OW, This command allows the CPU to adjust 
the pointer to the low of an address or word count register. 
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eas 
YO PortODH DMAI Temporary Register (READ ONLY) 


Bits Values and Functions 
ODH 70 Bits 7:0 contains values of XD7:XD0O during the first cycle of a 
memory-to-memory transfer. Data from the last 


memory-to-memory transfer will remain in the register unless 2 
RESET or Master Clear occurs. 


=a 
YO PortODH DMA! Master Clear (WRITE COMMAND ONLY) 


Bits Values and Functions 


DH 70 Bite 7:0 are don't cares. The Master Clear command is activated 
ag a result of the address OOEH access and the atrertion of -IOW. ~ 
This ene has iy Harel Ni goth a acl er arse ap 
Conn: ister, Stats Register, gister, an 
Painter Flip- are cleared and the Romeat Mak Reginer ae 
set 


o 


| 
YO Port 0OEH DMAI Clear Mode Register Counter (READ COMMAND ONLY) 


Bits Vaiues and Functions 


- OEH 70 Bits 7:0 are don't cares, The Clear Mode Regizter Counter 
command is activated as 2 result of the address OOEH access and 
the assertion of -IOR. This command is provided to allow the 
CPU to restart the mode read process at s known point. After 

ing the counter all four Mode Registers may be read by 
doing successive reads to the Read Mode Register address. The 
order in which the registers will be read is Channel 0 first, 
= Channel 3 last. 


bo | 
VO Port OEH DMAI Clear Request Mask Bits (WRITE COMMAND ONLY) 


Bits Vaiues and Functions 


OEH 70 Bits 7:0 are don’t cares. The Clear Mask Register command is 
activated as a result of the address OOEH access and the assertion 
of OW. This command enables all four DMA channels to 


accept requests by clearing the mask bits in the register. 7 


| 
VO Port OFH DMAI Request Mask Register Bits (READIWRITE) 


Bits Values and Functions 
OFH 7:4 : Don’t Cares, 
3 Channel 0 Mask bit. 


; @: No bit mask, channe! enabled 
{%): Bit mask, channel disabled 
2 Chemel 1 Mask bit. 
0: No bit mask, channel enabled 


(1): Bit mask, channel disabled 
1 Charmel 2 Mask bit. 
O:No bit mask, channelenabled 00 
> (1): Bit mask, channel disabled 
0 Channel 3 Mask bit 
0: No bit mask, channel enabled 


1): Bit mask, channel disabled 
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VO Port 20H INTCI Initialization Command Word #1 (1ST WRITE ONLY) 
Bits Values and Functions 
20H 75 ; Don’t Cares. 
4 Start Initialization Sequence. 7 
(0): Do not begin initialization sequence 
1: Begi ence and write to ICW1 


0: Edge Trigger enabled; low to high transitions 
1: Level Trigger enabled; active hi 


2 : Don’t Care. : am 
i Single or Cascade Mode Select. ans 


(0): Cascade Mode enabied; Cascade Mode allows ihe second 


INTCE: INTCI wil allow INTCO to generate ts own inter 


1; Single Mode Enabled: Single Mode is used whenever ae one 
controlleris used 


interrupt controierisused. 
iY] (&): Don’t Care. 
ee oe | 
YO Port 21H INTC] Initialization Command Word #2 (2ND WRITE ONLY) 


Bits Values and Functions 
21H 73 Upper ctv pe of - byte. These bits are 
programmab] Taka inser dace bin ot tus elses 
generated by nhs Poy Resolver during in terrupt acknowledge. 
Ewes 
VO Port 21H ~INTC1 Initialization Command Word #3 (3RD WRITE ONLY) 
Bits Values and Functions 
21H 7 Slave Mode Controller connected to IR7 select. 


Pa, | oe na, Ba TED 


{G): No slave Mode Contrailer comected io IR7. 
1: Slave Mode Controller connected to IR7. 
6 Slave Mode Controller connected to IR6 select. 
(0): No Slave Mode Controller connected to IR6. 
1; Slave Mode Controller connected to IR6. 
Sisve Mode Controlier connecied to IK5 select. 
@®): No Slave Mode Controller connected to IRS. 
1: Slave Mode Controller connected to IRS. 
4 Slave Mode Controller connected to IR4 select. ee 
(0): No Slave Mode Controller connected 10 IR4. 
1: Slave Mode Controller connected to IR4. 
3 Slave Mode Controller connected to IR3 select. 
(0): No Slave Mode Controller connected to IR3. : 
1: Slave Mode Controller connected to IR3. 
2 Slave Mode Controller connected to IR2 select. ae 
(Q): No Slave Mode Controller connected to IR2. 
1: Slave Mode Controller connected to IR2. 
i Slave Mode Controlter connected to IRf select. 
(0): No Slave Mode Controller connected to IR1. ae 
1: Slave Mode Controller connected to IR1. 
0 Slave Mode Controller connected to IRO select. 


(0): No Slave Mode Controller connected to IRO. 
1: Slave Mode Controller cormected to IRO. 


wv 
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Note 


ICW3 in INTCI must be written with a 04H for INTC2 to function. 


ra 
YO Port 21H INTC1 Initialization Command Word #4 (4TH WRITE ONLY) 


Bits Values and Functions 
SR TE I RS I ERP 
21H 75 (XXX): Don't Cares. 

4 arsed ge gt Seni sell ha Reg ence shpat 


Mode. This allows INTC2 to fully nest interrapts, when 
Mode with Fixed Priority Mode are both selected, 


without being blocked by INTC1. 
32 : Don’t Cares. 


1 Auto End of Interrupt enable. This bit ix active low. The 
controller will perform 3 nonspecific EOI on the trailing 
the second INT, le. 


ge ofthe second INTA cycle, 
0 (&): Don’t Care. 


lo al 
VO Port 21H _INTC1 Operational Command Word #1 (READIWRITE) 


176 


Bits Values and Functlons 

1H 7 IR7 Mask bit. 
{0): No mask. 

1: Mask IR7. 

6 IR6 Mask bit. 
{Q): No mask. 

1: Mask IR6. 

5 IRS Mask bit. 
(©): No mask. 

1: Mask IRS. 

4 IR4 Mask bit. 
(0): No mask. 

1: Mask IR4. 

3 IR3 Mask bit. 
(0): No mask. 

i: Mask IR3. 

2 IR2 Mask bit. 
(0): No mask. 

1: Mask IR2. 

1 IR1 Mask bit. 
Nomask. 

1: Mask IR1. 

0 TRO Mask bit. 
No mask. 

1: Mask TRO. 


Ww 
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YO Port 20H INTC! Operational Command Word #2 (2ND WRITE ONLY) 
Bits Vaiues and Functions 
20H q Rotate function select. Bit 7 is used in conjunction with bits 6 
and 5 to select operational function. 2; 
87 BG BS Function 
1 6 it] Rotate on auto EOI enable. 
1 0 1 Rotate on non-specific EOL 
1 1 0 Specific Rotate Command. 
1 1 1 Rotate on specific EOL. 
6 Specific or immediate function select. Bit 6 is used in 
a 
B7 B& BS Function 
1 0 (4) No operation. 
1 0 I Specific EOI Command, 
1 1 0 Specific Rotate Command. 
Aw (Rotate on specificHOL 
5 Function related to EOI select. Bit 5 is used in conjunction with 
bits 7 and 6 to select operational function. 
B7 BG BS Function 
1 0 0 Non-specific EOI Command. 
1 0 1 Specific EOI Command. 
b§ 1 0 Rotate on non-specific EOL 
1 1 1 Rotate on specific EOL a 
4 Interrupt controller out of initialize mode select. ; 
0: Disable initialization mode and write OCW2 and OCW. 
1; Enable initialization mode. aS 
3 Operational Command Word Select. 
0: OCW2 selected. 
1: OCW53 selected. 
20 Bits 2:0 are internally decoded to select which interrupt channel 
is to be affected by the Specific Command. ; 
000: IR7, ; : 
001: IR6. 
010: IRS, 
O11: IR4. c 
100: IR3. 7 
101: IR2. - 
110: Ri. 
111: IRO. 
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ara 
YO Port 20H INTCI Operational Command Word #3 (3RD WRITE ONLY) 


Pease 
VO Port 40H 


YO Port 41H 


ae 
VO Port 42H 


Bis Values and Functions 
TS TON I Et ASC SOILD STE OG EET A TODDS ELE CIEL EC TITET IE GOEL, 
20H 7 Bit 7 must be set to 0 for proper operation. 
: Neces' value, 
6 Enable Special Mask Mode. 


5 Special Mask Mode. 
(0): Reset Special Mask. 
4 Enterropt controller out of initialize mode select. e 


Q: Disable mitialization mode and write OCW2 and OCW3. 
1: Enable initialization mode. 
3 Operational Command Word Select. 
0: OCW2 selected, 
1: OCW3 selected. 
2 Enable Poll Command. 
{0): No Poll Command. 
1: Pott Commend. 
1 Enable Read Register Command. 
(0): Read Register bit becomes a don't care. 
1: Enable Read Register Command bit. 
—_______9 Read RegisterCommand. 
(0): Read Interrupt Request Register on next -IOR pulse. 


1: Read In-Service Register on next -IOR pulse. 


Counter!Timer Counter 0 (READIWRITE} 


Bits Vaiues and Functions 
40H 70 Counter 0 count regi rite). 


Bits Values and Functions 
ee oe 
41H rE!) Coonter 1 count register (Read/Write 


Counter[Timer Counter 2 (READ/WRITE) 


Bits Values and Functions 
2H 72 Counter 2 count register rite}. 


Se 
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VO Port 43H Counter(Timer Control Word Register (WRITE ONLY) 


| 
VO Port 70H 


fe | 
YO Port 71H 


Pa | 
VO Port 80H 


era | 
VO Port 81H 


Bits Values and Functions 
3H TA Determine command to be ‘ormed. 


> 


0001 Read/Write counter 0 LSB only. 


0010 Read/Write counter 0 MSB only. 
0011 Read/Write counter 0 LSB then MSB. 


0100 Latch counter 1. 
O01 Read/Write counter I LSB only. : 


O110 Read/Write counter 1 MSB only. 
O111 Read/Write counter 1 LSB then MSB. 


1000 Latch counter 2. ; 5 
1001 Read/Write counter 2 LSB only, 


1010 Read/Write counter 2 MSB only. = 
1011 Read/Write counter 2 LSB then MSB. 


lixx Read-Back command. 
3:1 Determine the Coanter's mode 

000 Selectmoded. 

001 Select mode 1. 

x10 Select mode 2. 

x31 Select mode 3. 

110 Select mode 4. 

131 Select mode 5. ‘ 
0 Determine the Count type 

@ Binary count 


Aili 


1 Binary coded decimal count. 


Index Register Address 
Bits Values and Functions 
70H 70 Index pe amcipe address. The index value is placed in port 70H to 
access a parti nner bei The valid address range for the 
82035618 ar thru 7) 
Data Register Address : 2 
Bis Values and Functions 
Tif TD Data register address.. The index value is placed in port 70H to 
access a particular register and the dats to be read from or written 
to that register is placed in port 71H. 
Unused 
Bits Values and Functions 
80H 70 Not defined. 
8-bit DMA Channel 2 (READIWRITE) 
Bits Values and Functions 
81H 10 Address bits A16-A23 during 8-bit DMA (DACK2) cycles. 
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eee 
VO Port 82H 


Sar 
VO Port 83H 


VO Port 84H 


ee =| 
VO Port 85H 


aaa 
VO Port 86H 


pe 
VO Port 87H 


== 
VO Port 88H 


aS 
VO Port 89H 


&-bit DMA Channel 3 (READ/WRITE) 


Bis Values and Functions 
82H 7:0 Address tits A16-A23 during 8-bit DMA(DACK3) cycles. 


8-bit DMA Channel 1 (READIWRITE) 


Bits Values and Functions 
83H 10 Address bits Al6-A23 during 8-bit DMA(DACK]1) cycles. 
Unused 

Bits Values and Functions 
84H 70 Not defined. 
Unused 

Bits Values and Functions 
85H 70 Not defined. 
Unused 

Bits Values and Functions 

- 86H 19 Not defined. 


8-bit DMA Channel 0 (READ/WRITE) 


Bits Values and Functions _ 
£7H 7D Addreee bite AI6-23 during 8-hitr PDMAMACKD) eveler. 


Unused 
Bis Values and Functions 
88H 7:0 Not defined. 
16-bit DMA Channel 2 (READ/WRITE) 
Bis Values and Functions 
89H 70 Address bits A17-23 during 16-bit DMA(DACK6) cycles. 


| 
VO Port 8AH 16-bit DMA Channel 3 (READ/WRITE) 


Bits Values and Functions 
7:0 Address bits Al7-23 during 16-bit DMA(DACK7) 


A 


ia 


evcles, 
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aaa 
VO Port 8BH 16-bit DMA Channel 1 (READ/WRITE) 


Rite Valuee and Funectinne 


8BH 70 Address bits A17-23 during 16-bir DMA(DACKS) cycles. 


VO Port 8CH Unused 


Bits Values and Functions 
8CH 70 Not defined. 
ia 
VO Port 8DH Unused 
Bits Values and Functions 
La a a a NA a AY AR, LPT EO TP LPR LTE LEY IE EE YATE EAB I BPP RS DTT TIS 
8DH 70 Not defined. 
aaa 
VO Port8EH Unused 
Bits Values and Functions 


8EH 70 Not defined. 


ee 
YO Port AOH INTC2 Initialization Command Word #1 (IST WRITE ONLY) 


Bits Values and Functions 
A0H T5 Don’t Cares 
4 Start Initialization Sequence. 


Bits Values and Functions 
Alt oe Sx 3 Uhr five bits of interromt vector byte, These bits ere 
AIH 7:3 Upper five bits of in vector byte. These bits are 
programmable by the CPU. The lower three hits of the vector are 


generated by the Priority Resolver during interrupt acknowledge. 


aaa 
VO Port A1H INTC2 Initialization Command Word #3 (3RD WRITE ONLY) 


Bits Values and Functions 
A1H 73 Bits 7 to 3 should be zero. 
2:0 Bits 2 to 0 determines the Slave Mode address the controller will 


___tespond to during the cascaded INTA sequence. 


* Note: ICW3 in INTC2 should be written with a 02H for Cascade Mode operations. 
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aaa 
VO Port A1lH INTC2 Initialization Command Word #4 (4TH WRITE ONLY) 
Bits Vatues and Functions 
A1H 75 : Don’t Cares. 
4 Enable Multiple Interrapts from the same channel in Fixed 


lode. This allows INTC2 to fully nest interrupts, when 
Cascade Wods with Fined Priority Mode sre both seleced 
32 : Don't Cares. 
1 Auto End of Interrox enable. This bit is active low. The 
controller will con a sonapesing POT oe ty vailins 
edge of the second INTA cycle. 
0 &): Don": Care. 


bie ea aid 
VO Port A1H_ INTC2 Operational Command Word #1 (READIWRITE) 


ome aris = 


bons Vaiues and Funct tions 
AIH 7 TR7 Mask bit. 
©): Nomask. 
1: Mask IR7. 
RG Mea nt ee 
(0): No mask. j 
1; Mask IR6. 
5 TRS Mask bit. 


(0): Nomask. 


1: Mask IRS. 
4 IR4 Mask bit. 
(0): Nomask. 
i: Mask IR4. 
3 IR3 Mask bit. 
(0): Nomask. 
1: Mask IR3. 
2 TR2 Mask bit. 
(0): Nomask. 
1: Mask IR2, 
1 TR1 Mask bit. 


(@):__Nomask. ns 


1: Mask IR}. 
0 TRO Mask bit. 


(0): Nomask, 


1: Meck TRO 


ae svamom alee 
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VO Port AOH INTC2 Operational Command Word #2 {2ND WRITE ONLY) 
Bis Values and Functions 
SSA LES ET EET TENS FILA T TROT TID TIO CGT IE A ES TEL CR, SE 
AOH 7 Rotate function select. Bit 7 is used in conjunction with bits 6 
: amd 5 to select operational function. 
B7 BS BS Function 
1 0 0 Rotate on auto EOI enable. 
1 o 1 Rotate on non-specific EOL 
1 i 0 Specific Rotate Command. 
1 i I Rotate on specific EOL 
6 . Specific or immediate function select. Bit 6 is used in 
conjunction with bits 7 and 5 to select tional function. 
BT BSE BS Function 
it) 1 0 No operation. 
Ct] 1 1 Specific EOI Command. 
i 1 a Specific Rotate Command, 
1 1 1 Rotate on specific EOL p 
$ Function related to EOI select. Bit 5 is used in conjunction with 
: bits 7 and 6 to select operational function. 
87 B& B5 Function 
0 1 0 Non-specific EOI Command. 
0 1 1 Specific EOI Command. 
1 1 6 Rotate on non-specific EOL 
1 1 i Rotate on specific EOL 
4 Interrupt controller out of initialize mode select. 


0: Disable initialization mode and write OCW2 and OCW3. 

1; Enable initialization mode. ; 
3 Operational Command Word Select. 

Q: OCW2 selected. 

1: OCW3 selected, 


2:0 Bits 2:0 are intemmall Gecoded to select which sutstroge Channel 
ig to be affected by the Specific Command, 


000: IR7. 
OOt: IR6. 
O10: IRS. 
Q1i: IRé4. 
100: 3R3. 
101: IR2. 
110: IRI. 
ili: IRo. 
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YO Port AOH INTC2 Operational Command Word #3 (3RD WRITE ONLY) 


Bits Values and Functions 
AOH 7 Bit 7 must be set to 0 for proper operation. 
(0): Necessary value. 
6 Enable Special Mask Mode. 
(0): Special Mark Mode bit becomes a don’t care. 
1: Enable Special Mask Mode bit. 
5 Special Mask Mode. 


(0): Reset Special Mask. 
1: Set Special Mask. 

4 Interrupt controller out of initialize mode select. e 
O: Disable initializetion mode and write OCW2 and OCW3. 
1: Enable initialization mode. 

3 Operational Command Word Select. 

0: OCW2 selected. 
1: OCW3 selected. 

2 Enable Poll Command. 
(0): _No Poll Command. 
1: Poll Command. 

i Enable Read Register Command. 
(0): Read Register bit becomes 2 don’t care. 
1: Enable Read Read Register Command bit. 


0 Read Register Command. 
(0):__Read Interrupt Request Register on next RD- pulse. 


i: Read In-Service Register on next RD- pulse. 


re 
= YO Port COH DMA2 Channel 0 Address Register (READIWRITEIFLIP-FLOP) 


Addr Bits OR A0W FF Values and Functions 
COH 7:0 0 1 0 Read current low byte address. 
t ? 
1 o _O 
1 a 1 = Write & current hich byte address. 


Addr Bits 40R 40W FF Values and Functions 

C2H 70 0 I ] Read current word count low byte. 
ti] 1 1 Resd current word count high byte. 
1 1 : 1) Write base & current word count low byte. 
1 o i Write bese & current word coon high byte. 


 mepeeen| 
VO Port CAH DMA2 Channel 1 Address Register (READ/WRITEIFLIP-FLOP) 


184 


Addr Bits 40OR 4+0OW FF Values and Functions 
C4H TH 0 1 0 Read current low address. 
0 1 1 Read current high byte address. 
1 if) 0 Write base & current low byte address. 
I 6 ! TW ite teem BD revere bik the address. 
V¥ bib LAR oe hie Ihemenatonn snd uy ry 
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 er~anaees 
VO Port C6H DMA2 Channel 1 Word Count Register (READ/WRITE/FLIP-FLOP) 


Addr Bits AOR a0W FF Values and Functions 
C6H 70 0 1 0 Read current word count low byte. 
0 t 1 Read current word count high byte. 7 
1 Y) oO Write bese & current word countiow byte. | 
: : t 0 ! Write base & currem word count high byte. 


| 
VO Port C8H DMA2 Channel 2 Address Register (READIWRITEIFLIP-FLOP} 


Addr Bits AOR 40W FF Values and Functions 
a aa a ga De I Te Fr I EE IEG TT 
C8H 70 0 1 0 Read current low byte address. 
it] 1 1 Read current high byte address. ae 
1 0 1] Write base & current low byte address. ee 
1 0 1 Write base & current high byte address. 


sw 
YO Port CAH DMA2 Channel 2 Word Count Register (READ/WRITE/FLIP-FLOP) 


Addr Bits 4+0R OW FF Values and Functions 
CAH vit) 0 t 0 Read current word count low byte. ; 
0 1 ! Read current word count high byte. 
1 . 0 ; 0 Write bese & current word count low byte. 
: 1 0 1 Write bese & current word count high byte. 


fea] 
VO Port CCH DMA2 Channel 3 Address Register (READIWRITEIFLIP-FLOP) 


Addr Bits OR OW EF Values and Functions 

. CCH 70 0 "4 0 Read current low byte address, 
o t H Read current high byte address. - 
1 0 0 Write base & current low byte address. ; 
1 0 1 Write base & current high byte address. 


Sz 
YO Port CEH _DMA2 Channel 3 Word Count Register (READ/WRITEIFLIP-FLOP) 


Addr Bits 4OR 4A0W FF Values and Functions 
CEH 70 0 1 0 Read current word count low byte, 
0 1 aol Read current word count high byte. ue 
1 G iy Write base & current word count low byte. 
1 
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VO Port DOH DMA2 Status Register (READ ONLY) 
RE EN TI A SIE SAY A ND LEE ESTER DE IES SAE IE SOG ETE DEEL SEAN TILA 2 IEA EGE. LEI E E 
Bis Values and Functions 
DOH 7 Channel 3 ing DMA service, 


(0): DRQ3 not active. 
1: DRQ3 active. 


5 Channel 1 pending DMA service. , 
(0): DRQI not active, 
1: DROI active. 


4 Channel! 0 pending DMA service. 

(0): DRQO not active. 

1; DRQO active. : 
3 Channel 3 Terminal Count stans. 


(0): TC not reached. 
1: Channel 3 has reached TC. 

2 Channel 2 Terminal Count stams. 
(0): TC not reached. 
1: Channel 2 has reached TC. 

1 Channel I Terminal Count status. 
(0): TC nox reached, 
1: Channel 1 has reached TC. 

0 Channel 0 Terminal Count status. 


(0): TC not reached. - - 
i: Channel 0 has reached TC. 


Eee 
VO Port DOH DMA2 Command Register (WRITE ONLY} 


Bits Values and Functions 
bd DOH vi -DACK input active level. 
(0): -DACK active low. 
1; -DACK active high. 
6 DREQ i active level. 


(0): DREQ high 
1: DREQ active low. 
5 Extended Write enable. 
' Q): Write commands are asserted late. 
1: Write commands are. asserted one DMA cycle earlier during 
ae 
4 Priotity type for channel servicing. 
(0): Fixed priority. 
és 1: Rotating priority. 
3 Transfer compression enable. 
(0): Normal timing, three clock cycle transfer. 
1: Compressed timing, two clock cycle transfer. 
2 Master disable for the DMA controller. 
(0): DMA controller enable. 
1: DMA controller disable. 
1 Address hold daring memory-to-memory transfers. 
(0): Address hold for Channel 0 disable. 
1: Address hold for Channel 0 enable. 
GQ Memory-to-Memory transfer enable. 
: : (0): Memory-to-Memory transfers disable. 
1: Memory-to-Memory transfers for Channel 0 and 1 enable. 
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VO Port D2H DMA2 Request Register (READ ONLY} 


Bits Values and Functions 
EE EP A OT ER IL, YEE A EDIE EAE IAEA GA PEI T SI NL EE EEE LT, 
D2H 7:4 1111): These bits are always set during a read. 
3 Request bit for Channel 3. 
0): No est i 


1; Request pending for Channel I. 
0 Request bit for channel 0. vo 
: No est. ing. 


1: est ing for Channel 0. 


YO Port D2H DMA2 Request Register (WRITE ONLY) 


Bits Vatues and Functions 
D2H 73 : Don't Cares. . 
2 Request bit. 


(QO): Reset Request bit. 
1: Set Request bit. 
1:0 DMA Channel Request bit Selection. 


tions (00): DMA Channel 0. 
01: DMA Channel 1. 


10; DMA Channel 2. 
11: DMA Channel 3. 
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VO Port D4H = DMA2 Command Register (READ ONLY) 


A I PT I Ee 


Bits Values and Functions 
QR a a a IIL I I TE ETE 
D4H 7 -DACK input active level. 


(0): -DACK active low. 


te. TRACY ~~... tink 
i. SAU SUV isi. 


6 DREQ:x active level. 

(0): DREQ active high. 

1: DREQ active low. : 
5 Extended Write enable. 


(0): Write commands are asserted late. 
1: Write commands are asserted one DMA cycle earlier during a 


3 Transfer compression enable. 
: Normal timing, three clock transfer. 


1: Compressed timing, two clock cycle transfer. 
2 Master disable for the DMA controller. 


(0): DMA controller enable. 
1: DMA controller disable. 


I Address hold during memory-to-memory transfers. 


(0): Address hold for Channel 0 disable. 
1: Address hold for Channel 0 enable. 


(t) Memory-to-Memory transfer enable. 
(0): Memory-to-Memory transfers disable. 
i: Memory-to-Memory transfers for Channel 0 and 1 enable. 


Se | 
VO Port D4H DMAI Single Bit Request Mask Register (WRITE ONLY) 


Bis Values and Functions 
. D4H 73 : Don’t Cares. 
2 Mask bit. eee es oe 
(0): Clear Mask bit. 
1: Set Mask bit. 
1:0 DMA Channel Mask bit Selection. 


(00): DMA Channel 0. 
01: DMA Channel 1. 


10: DMA Channel 2. 
11: DMA Channel 3. 


Pe 
VO Port D6H DMA2 Mode Register (READIWRITE) — 


Bits Values and Functions 

Dey 76 Chammel Modetype. 
5 Address counting direction. 
4 Autoinitialization enable. 
32 Type of transfer. 7 
1:0 DMA Channel Mode Selection. 
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VO Port D8H DMA2 Set Byte Pointer Flip-Flop (READ ONLY) 


Bits Values and Functions 
gg ep ranean eel 
DsH 70 Bits 7:0 are don't cares. The Set Byte Pointer Flop Clear 


command is activated as a result of the address 0 aH eocoer bid 
the assertion of -IOR. ‘This command allows the CPU to adjust 
the ter to the of an address or word count register. 


pri 
YO Port D8H DMA2 Clear Byte Pointer Flip-Fiop (WRITE ONLY} 


Bits Values and Functions 
D8H TD Bits 7:0 are don’t cares. Ephrata braveg th Pilea! 
command is activated as 2 result of the address OD8H access and 


the assertion of -IOW, This command allows the CPU to adjust 
the pointer to the low byte of an address or word count register. 


Ea 
VO Port DAH DMA2 Temporary Register (READ ONLY) 


Bits Values and Functions 


DAH 70 Bits 7:0 contains values of XD<0:7> daring i first cycle of a 
Benes Say transfer. Data from the ls: 
moans i Teauefas Sil connie i the pooisieeicaloas 
or Master fF occurs. 


eas 
VO Port DAH DMA2 Master Clear (WRITE COMMAND ONLY) 


Bits Values and Functions 


DAH 72 Bits 7:0 are don't cares. The Master Clear command is activated 
as a result of the address ODAH access and the asgertion of -IOW. 
This command has the same effect as a hardware RESET. The 
Command Register, Status Register, Request Register, and Byte 
Pointer Flip-Flop an are cleared and the Request Mask Register is 
set. -: 


ee a 
VO Port DCH DMA2 Clear Mode Register Counter (READ COMMAND ONLY) 


Bis Values and Functions 


DCH 70 Bits 7:0 are don’t cares. The Clear Mode Register Counter 
command is activated as 2 result of the address ODCH access and 
the assertion of -IOR. This command is provided cheese 


clearing the counter all four Mode Registers may 
doing successive reads to the Read Made Regrecer adiveas 
Seer in wines ties wegisters will be read ss Cheannsal () st, 
Channel 3 last. 


aaa 
YO Port DCH DMA2 Clear Request Mask Bits (WRITE COMMAND ONLY) 


Sits Vatues and Functions 


DCH 70 Bits 7:0 are don't cares. The Clear Mask Register command is 
activated as a result of the address ODCH access and the assertion 
of -IOW. This command enables all four DMA channels to 

ests by clearing the mask tuts in the register. 


8 
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YO Part DEH DMA2 Request Mask Register Bits (READ/WRITE) 


 mewamramee 
VO Port 61H 


Bits Values and Functions 
DEH 7:4 (XXXxX): Don't Cares. 
3 Channel 0 Mask bit. 
0: No bit mask, channel enabled. 
° __(1): Bit mask, channel disabled. 
2 Channel 1 Mask bit. 


Q: No bit mask, channel enabled. 
(1): Bit mask, charmel disabled. 


I Channel 2 Mask bit. 
O:Nobitmask, channelensbled 000 
(1): Bit mask, channel disabled. 
) Channel 3 Mask bit. 


O: No bit mask, channel enabled. 
(1): Bit mask, channel disabled. 


Control PortiStatus 
Bits Values and Functions 
61H rf PARITY CHECK (read only). This bit indicates an error has 


occurred on the local memory. 


O=no etror ocenrred. 
1 = an error ocourred. 

6 IOCHCK (read only). This bit indicates an I/O channel check has 
occurred (usually 2 parity error) on the system J/O channel. 


O=no error occurred. 
1 =an error occurred. 


5 TIMER 2 OUT (read only). This bit renums the condition of 
timer 2 output. 

4 REFRESH DETECT (read only). This bit toggles on each 
refresh cycle. 

3 JTOCHCK DISABLE (read/write). This bit disables NMI 


generation for channel check errors. 
G=enabies NMI (default). 
1=disables NML 

2 PARITY DISABLE (read/write). This bit, in SST 
the auxiliary parity eee bit (AUX PARITY D: ABLE) of of 
intemal configuration register 46H, is used to disable parity error 
controbiticas ithe Tris logically ORed with AUX 
PARITY DISABLE. Thus, a hegrs; is disabled if either this 
bit PARITY DISABLE) or PARITY DISABLE bat is 


set t0 a logical one. 
O= Parity is enabled (default). 
1 = Parity is disabled. 
1 SPEAKER DATA (read/write). This bit gates the output of 
channel Z of the timer/counter, 


O= Output is disabled (default). 


1 = Output is enabled. 
it] TIMER2GATE (read/write rols tion of timer channel 2. 


0 = Channel 2 timer operation is disabled (default). : 
1 = Channel 2 timer operation is enabled. 
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2.3 WOWMap 


IPC and Address Buffer’ s Internal Decode 


Device Address Range 
DMA Controller #1 Q00H.-00FH 
Interrupt Controller #1 020H-021H 
Configuration Registers 022H-023H 
Counter Timer Controller — 040R-0BH 
Real Time Clock (CMOS RAM) 070H-071H 
DMA PAGE Registers : ; O80H-08FH » 
Interrapt Controller #2 OAOH-OAIH 
DMA Controller #2 OCOH-ODFH 
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Pin Descriptions 


3.1 Pin Assignments 


=a 
Table 3-1. Clocks 


Pin # Symbol Type Signa! Description 
CX1 74 I 14.3181 8MHz crystal oscillator input. A crystal is connected between 
CXiandCX2, a 
CX2 75 O = 14.31818MHz oscillator output to the crystal. A crystal is connected 
between CX1 and CX2. 
osc $0 QO = 14.3181 8MHz onrput derived from the crystal. This i used to drive 
the AT bus directly (requires a series resistor). 24mA drive capability. 
OSC/12 72 O = This is a L.19MHz clock(TTL) derived from dividing the 


14.31818MHz input crystal. Used intemally for the 8254 clock. 4mA 
drive capability. 

BUSCLK 35 I BUS CLOCK is used to generated the timing signals that control DMA 
operations. This input may be driven from DC to LOMHz. The 
internal clock used for DMAC is either BUSCLK or BUSCLK/2 
depending on the setting of DMA CLOCK SELECT hit in the 


configuration register 01H. sh 
———e 


Tabie 3-2. RESET and Arbitration 


' Ping Symbol Type Signal Description 


RESET4 110 t RESETS is an active high input from the 82C351 which effects the 

following registers: 
DMA Controllers: Clears the command, Stams, DMA Request, 
Temporary register, -First/Last flip-flop; sets the mask register. 
Foliowing reset, the DMA controller is in an idle state. 
INTERRUPT Controller: Clears the edge sense circuit, the interrupt 
mask regisicr, ali ICW4 functions, IRQU is astigned highest priority, 
slave address is set 107, special mask moee is disabicd, and status read 
iz set to IRR. ; 

HRQ 142 0 HOLD REQUEST is an active high output and is used to request _ 
control of the system bus. HRQ is normally connected directly to the 
820351's HRQI pin. However, HRQ may be tied to HLDA. This will 
result in one SO state before the transfer. 4mA drive capability. 


HLDAI 6 “I HOLD ACKNOWLEDGE | is an active high input signal from the 
82351 and indicates the CPU has relinquished control of the system 
busses in response to HRQ. 
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Table 3-3. DMA Controller 


Pin # Symbol Type Signal Description 


Sgr ae st TA AR NEI IT AAR AST REIL SME SN GE BEE ELLE ALAA AACE ES TY BEES ERE STIEAEE, 
DREQ<0:3> 21-18 I DMA REQUEST lines are individual asynchronous channel request 
inputs used by peripherals to obtain DMA service. DREQO through 
DREQ3 support 8 bit transfers between 8 bit I/O and 8 or 16 bit 


system memory. 
In fixed priority, DREQO hes the highest priority and DREQ7 has the 
lowest priority. A request is generated by activating the DREQ line 
ofachannel. -~DACK will acknowledge the recognition of 2a DREQ. 
Polarity of DREQ is programmable. Unused DREQ inputs should be 
pulled high or low and the corresponding mask bit set. DREQ<0:3> 
tines have internal 10K pull-ups. 
DREQ<5:7> 8-10 I DMA REQUEST are individual asynchronoas channel request inputs 
used by peripherals to obtain DMA service. DREQS through 
DREQ?7 support transfers between 16-bit peripherals and 16-bit 
system memory. In fixed priority, DREQO has the highest priority 
nd DREQT bas the lowest priority. A request is generated by 
activating the DREQ line of a channel. -DACK will acknowledge 
the recognition of a DREQ. Polarity of DREQ is programmable. 
Unused DREQ inputs should be pulled high or Jow and the 
corresponding mask bit set. DREQ<5:7> lines have intemal 10K 
ee eee | ee ne ee 
-~DACK<0:3> 17-14 O DMAACKNOWLEDGE -DACKO through -DACK3 are outputs of 
the 8-bit DMA controller, and are used to notify the individual 
peripherals when one has been granted x DMA cycle. The active 
7 polarity of these lines are programmable. 4mA drive capability. 
-DACK<35:7> 11-13 ie) DMA ACKNOWLEDGE -DACKS through -DACK7 are cutputs of 
the 16-bit DMA controller, and are used to notify the individual 
peripherals when one has been granted a DMA cycle. The active 
arity of these lines are rammabie. 4mA drive ii 
TC 2 0 TERMINAL COUNT is an active high signal and is generated by the 
DMA Controller when the terminal count for any channel is reached, 
except for channel 0 in memory to memory mode, During memory 
to memory transfers TC will be palsed when the TC for channel 1 
occurs, 24mA drive capability. 

-AENS 4 O ADDRESS ENARLE for & bit DMA transfers is an active low signal 
and is the output enable for the 8 bit latch containing the upper 8 
address bits (A8-A15). Itis inactive when an extemal bos master 
controls the system bus. 4mA drive capability. 

-AENI6 3 O ADDRESS ENABLE for 16 bit DMA transfers is an active low 

signal and is the output enable for the 8 bit latch containing the upper 
8 address bits (A9-A16). It is inactive when an extemal bus master 
controls the bus, 4mA drive bility. 

-MSE(AEN) 27 © MODULE SELECT ENABLE enables the chip select function on 
one of the following modules: (DMA controller, Interrupt controller, 
Timer, RTC, DMA Page Register, or the Configuration registers). 
Address Enable (for the DMA controller) i is active (high) during any 


24mA drive bility. 


AOR 112 YO = -Y/O Read is an active low bi-directional signal. In an idle cycle, 
(non-DMA or non-interrups), it is 2 schmitt triggered input control 
signal used by the CPU to read information fram the $2C356's 
intemal registers. In an active DMA cycle, it is an cotput control 
signal used by the DMA Controller to read data from 2 peripheral 
during a DMA read transfer. 2AmA drive ity. 

I0W Ii YO = WO Write is an active low bi-directional signal. In an idle cycle, 
(noa-DMA or non-interrupt), it is a schmitt triggered input control 
signal used by the CPU to write information to the 82C356's intemal 
registers. In an active DMA cycle, it is an output control signal used 
by the DMA Controller to write data to a peripheral during a DMA 

: read transfer. 24mA drive capability. 
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Table 3-3. DMAController (continued) 


Pin # Symbol Type Signal Description 7 
iE NE aE TIO EIT Pa SS TET ETON OS A ET LEED 
-MEMR 6 QO MEMORY READ is an active Jow three-state output (active only 


during DMA cycles) and is used to sccess data from the selected 
memory location during a DMA read or memory to memory transfer. 
24mA drive capability. 

-MEMW 5 © MEMORY WRITE is an active low three-state output (active during 
DMA cycles only) and is used to write data to the selected memory 
location during DMA write or memory to memory transfer, 24mA 
drive capability. 

IOCHRDY 133 YO YWOCHANNEL READY isa bi-directional signal, Daring inpot mode, 
driving IOCHRDY iow causes the intemal DMA ready signal to go 
low asynchronously. When IOCHRDY goes high, one DMA Clock 
cycle will elapse before internal DMA Ready goes high. This signal is 
used to extend memory read and write pulses for the DMA controllers 
to accommodate slow memories or I/O devices. During output mode, 
this pin is an open drain output and provides an active low output 
whenever an 820356 register is addressed for a read or write. 
IOCHRDY provides a means of introducing a progranuned number of 
wait-states for I/O read/write cycles to the 820356. BinA drive 
capability. 

[= | 


Table 3-4. Interrupt 
Pin # Symbol Typa Signal Description 


IRQ1 128 I INTERRUPT REQUEST 1 is an asynchronous input (normally from 
pin 35 of the 8042 in a PC/AT). An interuugt request is executed by 


== othe 


acknowledged (edge triggered mode) or just high level on an TRQ 
I triggered mode). This si has 2 10K intemal 
IRQ<3:7> 129-133 1 INTERRUPT REQUESTS 3 through 7 are asynchronous inputs a 
the AT bus. An interrupt request is executed by raising en IRQ input 
from low to high and holding it high until it is acknowledged (edge 


trigcered mode) or mct a hich level on an FRO innat evel triccered 


triggered mode} or just s high level on an IRO input (level triggered 
mode}. These signals have intemal 10K pull-ups. 
IRQ<9:15> 134-140 I INTERRUPT REQUESTS 9 through 15 are asynchronous inputs and 


are executed by raising an IRQ input from low to high and holding it 
high until it is acknowledged (edge triggered mode) or just a high level 
on an IRQ input Gevel triggered mode). These signals have imemal 
1K pull-ups. IRQ 13 is connected to the 387DA PAL aad RG-12, 


: IRQ14-15 are connected to the AT bus. 
INTR 143 O INTERRUPT goes high whenever a valid interrupt request is asserted 
and is connected to the 386DX to interrupt the CPU. 4mA drive 


-ANTA 28 I INTERRUPT ACKNOWLEDGE from the 82C351 is an active low 
: signal and is used to enable the interrupt controllers to vector data onto 
the data bus by a sequence of interrupt acknowledge pulses issued by 


the CPU. 
Raa) 
Table 3-5. Timer 
Pin# Symbol Type Signal Description 
OUTI1 78 QO OUTPUT 1 is the output of TIMER 1 and is programmed as a rate 
generator to produce al 5 uS period signal used to request 2 refresh 
cycle. 4mA drive capability, connected to REFREQ of the 82351. 
SPKR 107 Q SPEAKER gates the speaker data and Timer Out 2 to drive the intemal 
ex. 4mA drive . 
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Table 3-6. Real Time Clock 


Pin# Symbol Type Signal Description 


-PSRSTB 126 I -PSRSTB is an active low input and is used to establish the condition 
of the control registers when power is applied to the device. Ina 
PC/AT compatibte design, this pin should be tied to the bautery 
back-up circuit. -PSRSTB low sets a bit in RTC indicating power haz 
been loet. 

OSCI/IRQS 141 I OSCILLATOR INPUT is « schmitt triggred input used as a base for 
the time fonctions. External square waves of 32.768KHz may be 
connected to this input. When the external RTC is enabled through 
index register 26H, this pin is connected to IRQS instead of OSC. us 

PWRGD 127 I = POWER GOOD mast be high for all bus cycles in which the CPU 
accesses the 820356. When PWRGD is low, all address, dats, data 
strobe, and R/W pins are disconnected from the processor. ; 

RTCAS 33 OQ REALTIME CLOCK ADDRESS STROBE is an active high output 
and is used to de-multiplex the bus on an external MC146818 
REAL-TIME CLOCK plus RAM peripheral device. The falling edge 
of RTCAS causes the address to be latched within the MC146818. 
4mA drive capability. 

RTCDS 34 © RTCDATA STROBE isan active high output and is wsed to control 

; - the bi-directional bus on an extemal MC146818 REAL-TIME CLOCK 
plus RAM peripheral device. During 2 read cycle, (RTCRW high), the 
RTCDS output drives the bus with the read data. On the other hand, 
during a write cycle (RTCRW low), the RTCDS’s trailing edge causes 
the MC146818 to latch the written data. 4mA drive capability. 

RTCRW 32 QO RTICRAV CONTROL OUTPUT is used to indicate read or write mode 
for an external MC146818 REAL-TIME CLOCK plus RAM 
peripheral device. A high level on RTCRW indicates to the 
MC146818 that the current cycle is a read cycle. A Jow level on 
RTCRW indicates to the MC146818 that the current cycle is 2 write 


cycle. 4mA drive capability. 
ee 


Table 3-7. NMI Logic 


Pin# Symbol Type Signal Description 


-LPAR - 29 I. LATCHED PARITY ERROR is an active low input (from the 
. 820355) and indicates a perity error during a DRAM read. When 
active it will cause an NMI to be generated. 

-IOCECK 31 I JOCHANNEL CHECK is an active low mput and is used to signal an 
error condition form am I/O device. When active and enabled, it causes 
an NMI to be generated. 

PCUNMIIN 30 I POWER CONTROL NON MASKABLE INTERRUPT INPUT isa 
programmable input fram the power control unit. It is an active low 
input signal by default and can be programmed by bit 3 of index 
register 26H to be either active low or active high. Bit 4 of index 26 
enables or disables this feamre. If the PCU is not vsed, PCUNMIN 
should be tied to Voc for the 82C356 to operate correctly. 

NMI 16 o Tot ee 
connected to the NMI of the CPU, 4mA drive 
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Table 3-8. Address Buffers Decodes 


HE 356 Pin Descriptions 


_Pin# — Symbol Type 


Signal Description 


XA<O:1> 38-39 JO EXPANSION ADDRESS bits 0 and 1 are bidirectional signals. They 
are outputs for DMA and AT master cycles and Inputs for CPU cycies. 
These are connected to the 820351 which converts them to and from 


the byte enables. 4mA drive capability. 


A<2:23> 40-49, TO LOCAL ADDRESS bus bits 2 through 23 are bidirectional signals, 
51-53 inpais during CPU/AT cycles and output during DMA/masier cycies. 
35-63 -4mA drive , ; ae 
SASE19> 82-85, YO YWOCHANNEL (AT) address bus. Input for AT master cycles. Output 
87-90, at all other times. 24 mA drive. 
92-95, 
97-100, 
102, 
104-106 u : : va as 
-8042CS 25 Q 8042 CHIP SELECT is a active low signal and is a I/O decode of 
addresses 060H or 064H._4mA drive capability. : 
INTCLR 77 OQ INTERRUPT CLEAR is an active high output signal and is used to 


clear IRQ13 from the 387DX PLD. INTCLR is generated during 
RESET, Out command to port FiH, or Out command to port FO. 4mA 
drive capability. 

XDIR 26 Q XBUS DIRECTION controls the direction of data transfer within the 
82C355 between the peripheral bus and the JO channel. When low, 
XDIR should drive the SD bus signals toward the XD bus. When high 
XDIR should drive the XD bus signals toward the SD bus. XDIR is an 
T/O decode of ports on the XD bus ANDed with -IOR. 4mA drive 


-ROMCS 23 I ROM CHIP SELECT is an input to generate XDIR during ROM read 
cycles. This is connected to -ROMCS of the 82C351. 
-REF ¢ 68 I REFRESH is an active low input from the 820351 or an I/O device on 


the AT bus which meremenis the address counter (in the 820356) and 
controls the address buffer direction. When active, the content of the 
refresh address counter is gated to the SA address bus. On the rising 
: edge of -REF, the interns! refresh counter is incremented. - 
-MASTER 69 I _-BUS MASTER is active low input signal f generated by a device 
active on the AT expansion Bus. It has an intemal 10K Otm pull-up 


re 


“MALE 70 I MEMORY ADDRESS LATCH ENABLE latches jocal addresses into 


resistor. 


the address registers on the ri: ‘trailin; c. 
. -ATEN 67 I AT BUS ENABLE is an active low input signal fram the 82C351 and 


is active when the CPU is performing an AT bus access. eee 
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Table 3-9. Data Bus and Powers 


Pin# Symbol Type Signal Description 


ree 

XD<0:7> 121-114 YO = Date bits 0 through 7 are 3-ntate bi-directional Data Bus Hines and are 
connected to the system data bus, (the XD bus), m a PC/AT design. 
The outpots are enabled in the program condition during the I/O 
READ to output the contents of the DMA controller registers, the three 
Interruyx Controller registers, the Timer/Counter registers, the Real 
Time Clock’s intemal registers, index register 26H, port B, and 
programmable chip select registers. During an I/O WRITE cycle, the 
outputs are disabled and the CPU can program the DMA Connoller 
registers, the Interrupt Controller registers, the Timer/Counter 
registers, the DMA Page régister, the Real Time Clock registers, the 
intemal RAM, index register 26H, port B, and programmable chip 
select registers. During DMA cycles, the most significant 8 bits of the 
address are output onto the data bus to be strobed into an external Latch 
by AEN8&- or AENI6-. 
During memory-to-memory operations, datz from the memory comes 
into the DMA Controller on the data bus during a read from the 
memory. During the interrupt sequence, the interrupt controllers 
output the interrupt vector byte on the datz bus. Data bus XD<0:7> 
also acts as the multiplexed address/data bes for the Real Time Clock. : a 


eg “TEST _124 Tied to ground. oe 
* Veo =: 11, 24, 54, 71, +SV 45% Power Supply. 
79, 108, 109, 
i i mek 
Gnd 7, 22, 36, 37, Ground. 

mm 50, 64, 65, 73, 
81, 86, 91, 96, 
101, 108, 122, 
123 
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3.2 Numerical Listing of Pin Assignments 


Numerical Pin Assignments 

Pin Signat Pin Signal Pin Signal Pin Signal 

1 Vec 37 Vis 73 Vs 109 Voc 

2 TC 38 XAO 74 CX1 110 RESET4 

3 -AENI6 39 XA1 78 Cx2~ «sd -IOW 

4 -AENI8 40 A2 16 NMI 112 -IOR _ 

5 -MEMW 41 A3 TT INTCLR 113 IOCHRDY 

6 -MEMR 42 A4 78 OUTi 114 XD7 a 

7 Vss 3 AS 79 Vec 115 XD6 a ive 
8 DREQS 44 A6 80 Osc 116 XD5 

9 DRE! 45 A7 81 Vas 117 XD4 a 
10 DRE 4% Ag &2 SAO 118 XD3 2 

11 -DACKS a7 AQ 83 SAI 119 XD2 

12 -DACK6 48 Alo 84 SA2 120 xD1 

13. -DACK7_— 49 Ali 85 SA3 121 XDO ; 
14 -DACK3 50 YVss 86 Vise 122 Vas 

15 -DACK2 51 Al2 87 SA4 123 Vix 

16 -DACK1 $2 Al3 8&8 SAS 124 TEST356 

17 -DACKO 53 Al4 89 SA6 125 Vee 

18 DREQ3 54 _ Vee 90 SA7 126 -PSRSTB 

19 DRE! 55 Als 91 Vis 127 PWRGD 

20 DREQ1 56 Al6 92 SA8 128 TRQ1 2 
21 DREGO _57 Al7 $3 SAS 129 RQ 

22 Vis 58 Als 94 SA10 130 TRQ4 LE 

23 -ROMCS _—59 A19 95 SAIt 131 IRQS 

24 Vee 60 A20 96 Vss 132 IRQ6 

25 -8042CS 61 A21 $7 SA12 133 RQ? 

26 XDIR 62 A22 98 SA13 134 TR 
27___-MSE(AEN) _—63 A23 99 SA14 135 IRQ10 

28 -INTA 64 Ves 100 SAIS 136 RQil 

29 -LPAR 65 - Viz 101 Ves 137 IRQi2 a 
30 PCUNMIN 66 HEDAI 102 SA16 138 IRQI3 _ 

31 -IOCHCK 67 -ATEN 103 Vcc i39 iRgi4 

32 RTCRW 68 -REF 104 SA17 140 IRQiS 

33 RTCAS 6 -MASTER 106 SAI8 | 141 OSCR 

34 RTCDS _70 “MALE _106 SAI9 142 HR ea 
35 BUSCLK 71 Voc 107 SPKR 143 INTR ; 

36 Vas 72 OSC/12 108 Vss 144 Vee 
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3.3. Alphabetical Listing of Pin Assignments 


fae 
Table 3-11. Alphabetical Pin Assignments 


Signal Pin Signal Pin Signal Pin Signal Pin 
-AENIG 3 DREGi 20 GSCUIRGS 141 Veo 24 
-AENI8 4 DREQ2 19 OSC/I2 72 Vee 54 
-ATEN 67 DREQ3. 18 QUTI1 78 Veco 7t 
A2 40 DRE! 8 PCUNMIN 30 Veco 719 
A3 41 DRE 9 -PSRSTB 126 Veco 103 
AG 42 DREQ7 iG PWRGD 127 Veo i109 
AS 43 HLDAi & -REF 68 Vee 125 
A6 44 HR 142 RESET4 110 Veco 144 = 
A7 45 -INTA 28 -ROMCS 23 Ves 7 
As 46 INTCLR Ti RTCAS 33 Vax 22 
AS 47 INTR 143 RTCDS 34 Vas 36 
Ald 48 -IOCHCK 31 RTCRW 32 Ves 37 ae 
All 49 IOCHRDY 113 SAO 82 Ves 50 7 
Al2 SI -IOR 112 SAl1 83 Vsz 64 
Al3 52 OW 11! SA2 84 Ves 65 
Al4 53 IRQ1 128 SA3 85 Vas 73 
A1S 55 R 129 SA4 87 Vas 81 4 
Al6 56 TRQ4 130 SAS &8 Vs 86 
AIT 57 IRQS 131 SA6 89 Vex 91 
Al8 58 IR 132 SA7 50 Vss 96 
Alg 59 RR 133 SA8 92 Ves 101 _ 
A20 60 RQ? 134 SA9 93 Ves 108 
A2) 61 IRQ10 135 $A10 94 Vis 122 
A22 62 IRQi! 136 SAIL 95 Vis 123 
A23 63 IRQi2 137 SA12 97 XAO 38 r 
BUSCLK 35 IRQ13 138 SA13 98 XA1 39 
CXi 74 IRQ14 139 SA14 9 XDIR 26 
CX2 75 IRQ15 140 SAI15 100 XDO 121 
-DACKO 17 -LPAR 29 SA16 102 XDi 120 
-DACK1 16 -MALE 70 SA17 104 XD2 119 
-DACK2 1§ -MASTER 69 SA18 105 XD3 118 - 
-DACK3 14 -MEMR 6 SA19 106 XD4 117 
-DACKS it -MEMW 5 SPKR 107 XD5 116 t 
-DACK6 12 -MSE 27 tc 2 XD6 115 
-DACK7 13 NMI 76____‘TEST3S6 —«124 XD7T 140 
DREQO 21 osc . 80 Veco 1 8042CS 25 
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3.4 Pin Diagram 


i Air mt 
Figure 3-1. 820356 Peripheral Controller Pin Diagram 
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Physical Characteristics 


4.1 Absolute Maximum Ratings 


Symbol Min. Max. Units 


Supply Voltage Vcc 7.0 v 
Input Voltage Vi «5 55 v 
Output Voltage Vo -5 5.5 Vv 
Operating Temperatare Top +25 85 Cc 
Storage Temperature Tag 40 125 Cc 


Exposure to absolute maximum ratings conditions for extended periods may 
affect device reliability. Exceeding the absolute maximum ratings can cause 
permanent damage to the device. 


4.2 Operating Conditions 


Symbol Min. Max. Units 


pes a NT ID 
Supply Voltage Veo 4.758525 
Ambient Temperamare Ts 70 Cc 
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356 DC/AC Characteristics 


5.1. DC Characteristics 


Symbol Min. Max. Units 


t low voltage VIL 
TTL level (All pins except BUSCLK and CX1 8 Vv 
BUSCLK and CX1 03 08 Vv 

thigh voltage _ VIR 
TIL Jevel (All pins except BUSCLK and CX! 2.0 Vv 
BUSCLK and CX? Vvcc 0.8 +0.3 Vv 
Ontwut low voltase YOL 45 v 
Output high voltage 

All pins except IOCHRDY VOH 2.4 Vv 
__-TOCHRDY has open draindriver 0 
Input LOW current @ Vo= Vss mL +10 pA 
except IRI, 1R3-7, IR9-15, DREQO-3, DREQS-7, = #4. - 
AOCHCK : . 
IR}, IR3-7, IR9-15, DREQO-3, DREQS5-7, -FOCHCK 1 mA 
Input HIGH current @ Vo = Vdd ; ; 

All except PWRGD BS | £10 pA. 
_..PWRGD : TH 200 HA 
Output current low IOL 
All pins except SAQ-19 -IOR, -IOW, IOCHRDY, TC, 4 mA 
SA0-19, -IOR, -IOW, IOCHRDY, TC, -MEMR, 24 mA 
-MEMW, MSE (A) 
IOCHRDY _. 8 mA 

current hi, IOH 
All pins except SA0-19, -IOR, IOW, IOCHRDY, T2, 4 mA 
-MEMR, -MEMW, MSE 
SA0-19, -IOR, -IOW, IOCHRDY, TC, -MEMR, 33. mA 
-MEMW, MSE (AEN) 
3-State output OFF current LOW IOZL +10 pA 
3-Szate output OFF current HIGH I0ZH +10 pA 
Power current @8 MHz Icc 60 mA 
capacitance CIN 10 Fr 
Ontput or I/O capacitance : : COUT 10 pF 
Stand-by Icc 10_ 
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Table 5-1. 


eo 
Table 5-2. 


52 ACCharacteristics 


All timing parameters are specified under capacitive load of 50 pf and 
temperature of 70 degree C. These timing tables cover both 25MHz and 
33MHz; aif units are in nanoseconds, unless otherwise specified. Also, the AC 
specifications mentioned in this document are subject to change. 


CPU AT Cycle 
CPU AT Cycle 
Min Max. 
SS SS a I a a TEE 
t601__—A<23:0> setup to -MALE inactive 15 
0602 A<23:0> hold from -MALE inactive 10 
2603 SA<19:0> valid from -ATEN active it] 50 
05 _ SA<19:0> float from -ATEN imactive it] 25 
1608 — -8042CS active from -MALE inactive 0 60 
611 _ -8042CS inactive from -MALE inactive 0 32 
Master Cycle 
Master Cycle 
Min. Max. 
SS a a a PL IS I AT TE, 
615 _ A<23:2> valid from SA valid 6 35 
616 _ XA<1:> valid from SA valid § 30 
618 —_ -8042CS active from SA valid 1D & 
1621 XA<1:0> invalid from -MASTER inactive 6 i9 
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DMA Cycle 
ES TY 
ima Cyase 
Min. Max 
1625. BUSCLK period (1X) 1355 . < 
625A ___BUSCLK period 2X) 62 
2626 BUSCLK high time (1X) 55 
t626A__ BUSCLK high time (2X) 27 
627 __ BUSCLK low time (1X) 43 
t627A__ BUSCLK low time (2X) 22 
t628 DRE to BUSCLK low 0 
1629s: HRG delay from BUSCLK low 70 : 
1630 HLDA to BUSCLK hi 40 
9631 _-AEN8/16 valid from BUSCLK low 95 7 
632 - AEN8/16 invalid from BUSCLK 75 
1633. AEN active from HLDAI active 5 38 
1651 _ AEN inactive from HLDA] low § 50 2 
1634 Address valid from BUSCLK high 100 
0635 __ Address hold from BUSCLK hi 50 = 
1636 _-DACKn valid from BUSCLK hw 100 os 
1637___ Command enable delay from BUSCLK high pies 80 
1638 Command active delay from BUSCLK high 100. 
1639 Write cemnd inactive from BUSCLK hi 70 é 
1640 Address hold from -JOW inactive 70 
641 _ Address hold from -MEMR inactive - 50 - 
___1642 __ Command float delay from BUSCLK high 15 ui 
1643__-JOR inactive delay from BUSCLK high et 
1644 TC delay from BUSCLK 50 
2649 IOCHRDY seup to BUSCLK low 25 . ate: 
650 _JOCHRDY hold from BUSCLK low 15 
Internal Register Access 
internal Register Access 
Min. Max 
0655 Command active period 150 ~ 
656 __ XD<7:0> active from -IOR active 5 35 
t657 _ XD<7:0> valid from -IOR active 140 2 
658 XD<7:0> hold from -IOR inactive g 
1659 XD<7:0> semp to -IOW inactive 130 
1660 XD<7:0> hold from -IOW inactive 20 
1661 Address setup to command active 25 z aon 
1662 Address hold from command inactive - 0 : 
1663 JOCHRDY actve delay from command 6 50 
664 IOCHRDY inactive delay from BUSCLK high 6 40 
20 
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Table 5-5. 


Table 5-6. 


Table 5-7, 


External Real Time Clock Access 


External Real Time Clock Access 


. Min. Max 
1666 RTCAS active delay from -IOW active 
1667 RTCAS inactive delay from -IOW inactive 
1672 RTCDS active fram -IOR, active 
1673 RTCDS inactive delay from -IOR inactive 


ty fur fur 
$3 (8 [3/8 


INTA Sequence 
INTA Sequence 
Min. Max 

1682 R ¢ width flow’ 100 

1685 XD<7:0> vatid from -INTA active 120 
t686._ XD<7:0> hold from -INTA inactive 8 

Miscellaneous Signals 
Miscellaneous Signals 
Min. Max 

1698 -PSRSTB imactive delay from Veco Sus 

t699 -PSRSTB active pulse width Sus 
16100 VRT bit valid delay (intm!) 2us 
16105 XDIR high from -INTA active 3 30 
16106 XDIR high from -IOR active 3 30 
16107 _ XDIR Iow from -INTA inactive 3 30 
06108 _ XDIR low from -IOR inactive 3 30 
06110 SAvalid from -REF active 13 50 
111 SA hold from -REF inactive ce] 25 
16112 _ AEN active from -REF active 40 
16113. AEN inactive from -REF inactive 40 


w6121 -LPAR pulse width 

6122 -IOCHCK width 

16123 PCUNMIIN width 

16130 INTCLR active from -IOW active 
16134 IOCHRD pulse width 96 SCLK 

06135 ___ INTCLR inactive delay from -IOW inactive 25 
6138 INTCLR active delay from RESET4 active 20 
26139 INTCLR inactive delay from RESET4 inactive 20 
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356 Timing Diagrams 


Baa , 
Figure 6-1. | 82C356 Miscelianeous Signals 
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SA<11:0> 


-LPAR 
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Figure 6-2. Power-ON Timing 


VAT BIT 
{Intema!) 


bi Thien | 
Figure 6-3. 82C356 INTA Sequence 
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Figure 6-4. 82C356 External RTC Timing 


RTCDS 


RTCRW (SEE NOTE 1) 


(SEE NOTE 1 


Notel Timing requirements for XD <7:0> are shown for completeness. ‘They are 
required by the MC14681A but not the 82C356. 
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Figure 6&5. 82C356 Internal Register Access 


-MALE 
-ATEN 


-IOR 


6x 656 


XD<7:0> YW Kk 


657 


-IOW 
XD<7:0> 


IOCHRDY 


BUSCLK 


NMI 


Note EnabledifXD7 <1. 
Disabled if XD7 = 0. 
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Figure 6-6. 82C356 DMA Cycle 


=F Digatitinti = 
rr 


Note 1. All Gmin 


ts 


s referenced to BUSCLK are independent of the state of the 


clock ee tin the configuration register. BUSCLK shown in this 


undivided clock directly from the a aa 
selected. 


5. IOCHRDY input timing. 
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Figure 6-7. 82C356 Master Cycle 


HLDA1 


-ATEN 


-MASTER 


SA<19:0> 


A<23:2> 


XA<1:0> 


-8042C0S 


rt a 
Figure 6-8. 82C356 Address Buffer Timing for CPU AT Cycles 


Note HLDA,-REF, -MASTER inactive. 
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356 Physical Dimensions 


7.1. 82C356 Peripheral Controller 


aaa 
Figure 7-1. 144-Pin Plastic Flat Package 


= Lead Length 
See Note 2 
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82C356 
PERIPHERAL 
CONTROLLER 


agente 


i= 
Lead Pitch TE 
0.65 (0.0256) € 
Non- = 
Accurnulative 


speperpere 
CU CU OU SEED es 


32.4 (1.276) 


See Note t 


Footprint 30:5 (1.201) 


0.30 40.10 7 
(0.012 +0.004) = 


PLCC A Pee 
eUatugay ated Pe idayodapedagapapeyipatatapipapeqagaqapayage 


TUN CUOU TUNA Una Udder ee 


tiedibela 


Tf 


Clearance 
0.000 (0.000) 
0.406 (0.016) 
Pin 1 Max Height 
30.5 (1.201) Seating Plane“ 4.26 (0.168) 
32.4 (1.276) 


See Note 2 


Footprint 


Legend minimum in inches (minimum in milimeters) 
maximum in inches (maximum in milimeters) 


Notel Package Body Size = 26 40.2 (1.024 +0.008) (Package Vendor = Toshiba) 
Package Body Size = 28 +0.2 (1.102 40.008) (All Other Package Vendors) 


Note2 Lead Length = 1.20 +0.2 (0.047 40.008) (Package Vendor = Toshiba) 
Lead Length = 0.65 +0.3 (0.026 40.012) (Package Vendor = Seiko) 
Lead Length = 0.80 £0.2 (0.031 40.008) (All Other Package Vendors) 
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